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_ CASCADE TUNNEL, GREAT NORTHERN RAILW ay Papers” 


YNOPSIS 


i 

a, This Symposium co constitutes s the final professional record ¢ of the construc- 


tion of the 19- -mile ‘Cascade Tunnel by the Great Northern Railway Com- 


‘Iti is presented i in three parts, each part being written by an official of 


the Great Northern Railway Company, or or of A. Guthrie &C 7 


tractors on this work. 


Pa til by Mr. K Kerr, 


"Railway Tine over the ‘Cascade Mountains 


contains a discussion of the reasons Jeading ‘the of this 


crossing. 


Part IL, by Colonel con description of the surveying methods 
‘and instruments used in constructing t he tunnel. It presents the general 
ts plan of attack, the construction standards, and ‘a description of | the line 
improvement on the east and west slopes of the Cascade Mountains; and 
‘gives a ‘comparison of the characteristics of the new and old routes. 


E., ,isa of the plans made for the tunnel 
‘in 
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PART I I—PRELIMINARY STUDIES AD 

IMPROVING | CASCADE ‘CROSSING 


he 
é. J. Kerr,! M. Am. Soc. C. 
Northern ‘Railway, while not es most recently built transconti. 

- nental line, was only opened through to the Pacific Coast in January, 1893. 
It was in December, 1889, that John F. Stevens, Past- President and Hon. M. 
Am. Soe. C. E., » explored the Marias- Pass i in the Rocky Mountains and ee 

“opened up a and low summit ‘route for a line not far south of the 
Canadian border. Mr. Stevens did have the satisfaction of staying 
complete the location survey “over” the Rockies: because his ‘success ‘there 
resulted - in the late James J. Hill, F. Am. Soc. OC. E., sending him to the 
| Cascade a to determine the route of the Great Northern tele across 

— In n 1890, there was little information a available about the Cascade ge 
“passes in N orthern Washington, and the slopes were heavily t timbered. The 
route to the sea by way of the Fraser River in British Columbia and “ way 
of the Columbia River along th the boundary between | Washington ar and oe 

had been known: to o white men en for nearly a hundred years. - = 

Pacific transcontinental line, opened in 1887, followed the Valley « of the 
Yakima River (see Fig. 1). from its confluence with the Columbia, near Pasco, 
> Ww ash., and crossed the Cascade Range through the Stampede Tunnel to the — 

head-waters of Green River, and thence down the the 


Hill, as he had done across Dakota and Montana, the 
across the State of Washington to open up new territory, and Mr. Stevens: 

- proceeded to make a thorough examination of the Cascade Range between the | 
Northern Pacific crossing and the Canadian | boundary, a distance “as the 


crow yw flies” of 125 miles. reference to the map, Fig. will make the 


The result of Mr. Stevens’ was the selection of a pass" con- 
Fs nected the head-waters of Nason Creek, a tributary of the Wenatchee River, 
_ with ‘Tye River, a tributary of the Skykomish River. _The Wenatchee River = 
joins the Columbia River er near ‘Wenatchee, Wash., while the Skykomish flows 
2 into the S Snohomish which enters the sea at ; Everett, V Wash. . The route, ther a 
fore, fixed from Spokane, Wash. » via ‘Wenatchee, the new pass» (since ‘6 
known as Stevens Pass), and Everett; thence, along the seashore, to 
_ The pass had an elevation of 4059 ft. > The approach from the east was 
through the narrow Tumwater Canyon of the e Wenatchee on the 


men 
; maximum grade of the permanent line ee was to be located down I hill on - 


each side from the p portals ofa ‘projected tunnel, 2.7 miles long. st ‘suinmit 
we to be at the east portal of this tunnel at an elevation of 3 383 ft wa Sas, = 


— to Vice-Pres., Operating Dent., G. N. Ry., ‘St. Paul, Minn. 
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CASCADE TUNNEL, GREAT NORTHERN pet 


Great Northern Railway Company had x no land on west of Minne 

“tion of the ‘extension. The opening of the through ‘thee could not be delayed 


awaiting the of a tunnel nearly three miles long and, therefore, a 


switchback route with 4% grades was located over the mountain across the 


WASHINGTON 


POKANE 


SS — 


13% open pass and connecting with the the ‘portale. This. 
-switchback route served to handle the through traffic of the Railwa Company 
from Ja anuary, 1893, “until December, 1900, when the 2.7-mile Cascade Tunnel 


was’ completed. ‘Asar result the summit elevation was reduced from 4059 to 
+ 


* 383 x, and all grades heavier than 2. 2% were ¢ eliminated . The profile of the 
ine from Wenatchee to Wash., is shown in Fig. 2. 
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Fie. 1.—PLaNn OF THE CASCADE RANGE, , SHOWING ‘Roure ES. 
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ke CASCADE TUNNEL, GREAT NORTHERN RAILWAY 

There was little evidence of snowslide trouble on the heavily t timbered slopes 


_ along which the line located by Mr. . Stevens lay, but the destruction of timber 
above the railroad by fire soon altered the situation. _ Snow slides of increasing 
extent ; developed an and the need of protection became apparent : as early as 1903. 


‘Nearly every year r thereafter was necessary to to extend the snow-shed 
2 


79 


72. 


ELEVATIONS 


4 Fic. 3.—RECORD OF ANNUAL SNOWFALL BETWEEN LEA AVENW rORTH 

i protection. ‘The he record of ‘annual between Leavenworth, | , Wash., and 


‘Skykomish (that part ¢ of the line above Elevation 1000) is of great interest; 
& this record is shown graphically in Fig. 3. Particular attention is called to the 
heavy snowfs snowfalls the winters of 1909- 10, 1912- 13, end} 1915- 16. 
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the ‘wen of. the old to. ‘Scenic, Wash., distance 


' ‘shown best in Table 1 which gives ; the number of iil feet of track protected _ 


of 12 miles. The rapidity with v which this menace developed and extended is 


SE oF Eacu YEAR 


ATER CANYON, CascapE Mounrarm 
MERRITT TO ScENIo 
TO ‘WINTON 
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am: The earlier snow- w-sheds constructed before timber and labor costs had ad 


vanced as they have in recent years, were built for about 8 0 per lin. ft. for 


a single-track and $83 per lin. ft. for double-track sheds. Those constructed with 


concrete back- -k-walls and timber | roofs cost $175 per lin. ft. of double-track shed. 


ss of the roof timbers were 24 in. by 12 in. by 49 ft., and such timbers are 


Fe now high in price and increasingly difficult to obtain. . At present pr prices, a 


‘ -double- track concrete back-wall shed, with a timber roof, costs almost $210 per 


‘The i increasing cost of replacement and the constantly inc increasing length of © 


line requiring protection caused considerable thought to be given to the finding = j 


a route that would avoid the snowslide areas entirely. Studies were made 
from ti time to time by the late A. .H. Hogeland, &M. Am. Soe. 0. E., and by O. 


Bowen, M. Am. Soc. C. E. A most complete study of the ‘problem ‘was made 
Mr. E. J. 1 Beard in 1917, which not only ‘compared the relative economies 


of a a long tunnel line with the existing line from the standpoint of the cost of 


n of snow-sheds, but also” from the ‘standpoint of Pars 
savings from the lower summit and grade 


The conclusions reached by Mr. Noein in 1917 are summarized, as follows: a) 


“That the present line in Tumwater Canyon, Leavenworth ; to near ‘Winton, | w 
and from Merritt to Skykomish, be abandoned, substituting therefor a ae 
in line by w =— all snow-sheds are avoided, providing either a 1. 4% ox or a ay 


enworth 
one 


Leav 


— 
The sections of the line exposed to snowslide menace were rather limited 
| — consisted of two districts—one on each slope. On the east slope the trouble an 
water Canyon between Leavenworth ned 
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r uling grade and involving either a 144 or a 17}-mile tunnel, as chosen, and 
| f estimated to cost, including the changes, electrification, Leavenworth to Delta, 


necessary equipment, and 100-lb. rails, $25 000 000 or $27 eee 
“This, because the present line, if retained, will have to be electrified some 

a day, when the cost, plus the great expense that must be incurred account of 
- gnowsheds, existing and additional, would be $21 000 000, an investment that 
_ would make the property for years less profitable than it is at present; per 
§ contra the undertaking first above will, upon completion, increase net corporate 

income over that with the present line, electrified, about $350 000 per year, and 
advantageous difference will increase each year. 
_ _ “That neither the present line, steam operated or electrified, nor the under- 
taking first above should be double-tracked, because the surplus train capacity 
of either is enough for the increase in traffic of so many years in the future > 
that no money whatever should be spent for, o or in anticipation « of, double- 


“The present snow-sheds, with the minimum of additions that | circum- 
stances will permit—to be built of timber—be maintained at the least prac- 
ticable cost until the undertaking first above is completed. 
“That every effort be made and consistent expense be incurred to complete 


the undertaking first ee in from be to 5 years canary of the estimated 64 


, pe. background and at ‘the ‘eonclusion of the war neither the traffic nor the 
condition warranted the consideration of a a large project. The full 
effect of the Panama Canal on -trans- continental rail traffic was only felt as 


p tonnage became plentiful i in 1919 and 1920. 


of the ‘project: ‘was revived in 1921, and new estimates 
made from that. time until 1925. These were based largely on the 14-mile 


tunnel line recommended by ‘Mr. Beard. that time costs had 


- “materially and it was evident that the project would involve an expenditure in 


wd excess of $30 000 000. Such an outlay could not be justified ‘economically at 
ae ee time and, having reached the conclusion that a long tunnel would not be 
a built, the Operating D Department of the Railway Company began the improve- 


‘ment of operation over the existing line. 


- In earlier days trains ~ were moved eastbound | from Skykomish by coal- 7 
burning: locomotives with the result that the atmosphere in the old 


(which ‘was on al. 69% grade against eastbound traffic) was intolerable. 3 


= a hydro- electric development was made i in the Tumwater Canyon, a short 
4 distance above Leavenworth, and plans were begun for electrifying the tunnel. . 
The Tumwater Plant consisted of three 2 500- ‘kw. units” and power 
‘transmitted to the tunnel : at 33 000- -volts, 3- -phase, 25 cycles. . The overhead 
"trolley installation consisted of two wires, carrying 6 600 volts, 
_ extended about 34 miles from Cascade Tunnel Station through the tunnel to 
‘Tye, ‘Wash. Four 3- -phase locomotives were purchased which had constant 
: speed. of miles per hour, that being tl the only running speed available. 
plan of operation was to have a train of about. 2 000 tons leave Skykomish 
with a steam road engine and two steam pushers. “At Tye (the west portal — 
of the old tunnel), the train was cut in two and, with the road engine, wi as 
taken through to Cancade Tennel Station (the east portal of the old tunnel) 
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1981. CASCADE TUNNEL, GREAT NORTHERN RAILWAY 


The first “move in 1925 to improve operation was to re- arrange the 
dlectrie locomotives that the traction motors could be connected i in cascade 


gi = 


iving ‘the locomotive when so connected a speed. of 7.5 miles per hour instead 


of 15 miles per hour. ‘This change permitted taking passenger t1 trains through - 


q 


“the tunnel at 15 miles per ‘hour as before and freight trains in one section at 
15 miles per hour. In this way the full power available at Tumwater (the only 


“sovree). was used, and. the tractive effort of all four locomotives was re 
"useful for freight trains, J 
ee ‘The success of this change prompted the Company to consider extending the _ 


Wa 
pushers throughout. The | plan was to obtain two electric locomotives which, : 
with steam engine working, would move a train from Skykomish to. ‘Tye on a 


2. 2.2% grade and which could haul the train and the steam road engine . 


working) from Tye to the Cascade Tunnel through the old tunnel on the 


(169% grade. 


‘The limited supply of power available at the > Railway Company’s | Tum- 


‘Plant and the need at variable- repecd, locomotives t to work with steam 


road engines resu r generate 
4 with 110 000- volt, single- phase, 25- eycle trolley, and 600- volt, direct-current 


traction motors. Two such double-cab locomotives (each 500-kw. 
motor generator set) were ordered in 1925, and work had already been started - - 
oI on the electrification of the old line, when serious consideration was given | 


‘The success of the operation of 3 freight trains in one section through the 


“ola tunnel, the improvement in steam c operation (which had permitted running 
- freight trains through from Seattle and Everett to Wenatchee in less than the 


16-hour « crew | limit), and the failure of the ‘through 1 freight traffic to show : a 


material: increase, made it “apparent that” savings in ‘transportation expense 
alone ¢ could not justify any long tunnel lit line and that if such a project were bc 
be warranted ‘economically it must be the shortest tunnel which would permit 


abandonment of all the line on the we west slope subject to the 


‘ - electrification down ‘the west slope | to Skykomish, with the idea of using electric 


study made by Frederick Mears, M. Am . Soc. E., showed that this: 
be acedmplished by at tunnel miles long, having its east portal at 
Berne, Wash., and its west. portal at Scenic. In contrast to the 14 or 17- mile be “im 
_ tunnels recommended by Mr. Beard, this plan did not eliminate the 22% grade, 
but left in use ‘the five miles of such grade against t westbound traffic between 
_ Merritt, Wash., and Berne and eleven miles against eastbound traffic nen : 
Skykomish and 


Mr. Stevens was called 1 upon to go over the ground that was so familiar to 


him and as a sapped of an exhaustive study ix in — ‘summer of 1925, he aged 


against | pusher districts and that with electrification the former objection 1 to a 

sections of 2. was largely eliminated, especially when such eredes 


191 
| 
= 
iii 
ue 
— 
re 
ile | 
— 
in — 
in | — 
oal- “Si. 
nel. 
pead 
and 
el 
The 
sh 
yortal 


CASCADE TUNNEL, GREAT NORTHERN RAILWAY 


_ As a distinct and separate project on the east side of the mountains 3, a new 


“Tine (the ‘Chumstick Line) was as projected from Peshastin (near Leavenworth) 
to Winton, Wash., a distance of 17 miles. y followed the open Chumstick | 
Valley, eliminated all all 2 2.2% grades east of Merritt, and provided a line with 3° 
maximum curvature, entirely free from ‘the sananeaa menace to w vhich the ‘old. 


sail In addition t to the major improvement made by the construction of i 
Line on the east slope, numerous short sections of the old line 
between the west end of the Chumstick Line at_ Winton and the east portal 


of the new tunnel at Berne, were improved in alignment and grade. aa ne a J 


- When the decision to build the new tunnel was reached in } November, 1925, 


the e age of the existing snow- -sheds_ made it extremely important, if her 
renewals were to be avoided, that the new route be made ready for ‘use before 


the ) snowslide season of 1928- 28-29. To avoid delay, the : firm of A. . Guticie 
Co., Inc., of St. Paul, , Minn., was instructed - to proceed with the work on a : 


fixed fee basis—a plan which later was extended to cover the construction of 
_ The need of an adequate supply of power tee ‘the dite of the new w tun nel 


made it advisable to turn over the Company’s power st: station at Tuseweter to 
the Puget Sound Power and Light Company and to contract with that Com- a 
pany for power to be supplied from its widespread system. Having such power — 
— available brought with it the decision to electrify the entire ‘district from 


These four pieces of work (1) tt the 7.79- 9-mile Cascade Tunnel; (2) the Chum- 
stick Line; (8) line revisions between Winton and Berne; ; and (4) the electrifi- 


eation f from Wenatchee to Skykomish, constituted a — for the 
4 


first, in addition to the improved alignment and obtained, 


ted the » abandonment of all the line on the west slope subject to snow-- 
slides; - the second, which also improved alignment and grade, resulted in the 


discontinuance of operation 01 over all that part of the line on the east slope 


“subject to > slides; 1 the third resulted in a marked improvement in grade a and 


“curvature; and the fourth was a necessary step following the decision to build 


- the long tunnel and to avoid too frequent locomotive changing. poe ee 


2 The completion of the program has put - the Cascade crossing on ¢ an equal 
~ footing with the remainder of the main line i in character, freedom from inter- 
‘ruption, and - freight- train tonnage that may be be handled. Lid 


im A comparison of the old and new line from the east end of the ( Chumstick 


the. 


revision, at . to the west end of the ‘tunnel revision a it Scenic, | is 


The together with the change in in line, grade, and 
rise and fall indicated in Table Q, has permitted the operation of 5 000-ton 
freight trains out of Skykomish, using a three-cab road 


and a two- cab helper. These helpers are operated generally between S Skyko- | 


mish and Merritt- —the foot of the 2. 2% grad eon the ea lope— thus avoiding — | 
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_ stop at the summit at Berne. Westbound, in ordinary operation, the three- 
. cab locomotive takes a 3500-ton train from Wenatchee to Merritt, where a one 


or two-cab helper, w yhichever may be ‘available, is used to Berne and remains | } 
in the e train on the down-hi -hill slope to Skykomish. As_ compared with the a. 
steam ¢ operation prior to any ¢ electrification on the slope west of the old tunnel, , 
the train tonnage eastbound has been increased from 2400 to 5000. The 
“average time for a freight train between 1 Skykomish and Berne has been . 
reduced 33 hours and ‘the gr gross ton-miles- train hour between Sky komish 
and WwW enatchee have been increased from 11520 to 70 000. ¥ The traffic on this P 4 


As 
of the line prevailingly « eastw ward, substantially in ‘the proportion of 


newline. 


Length, in 
_ Length of tangent track, in miles.. 


: Length of curved track, in miles 
Total rise eastbound, in feet 


Length of snowsheds, in feet 53.00 
Length of tunnels, in ‘feet 19 620.50 40 
Maximum degree of curvature ° 00° 
Total degree of curvature 5 2 059° 06’ 


The various steps in the improvement of the railroad between Wenatchee 
and Skykomish have so overlapped that it is impossible | to divide the savings” 
peer from the entire ‘project into the part due to electrification and the 


‘Part due to the improved alignment, lower summit, shorter r mileage, | etc. 
These sa savings in the aggregate are not more than sufficient to pay interest on. 


entire investment. Railway Company must look for the justification 
of the p project to the benefit which the system as a whole has received through | 

the elimination of a weak link in its transportation chain, with consequent at 
traffic resulting from service that is absolutely dependable, 
i in n the passenger travel, and pleasant. 
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PART Il. SURVEYS, CONSTRUCTION METHO! ODS, 


A COMPARISON OF ROUTES 


é Surveying parties were put i into the field on the west eae of the - Cascades 


in ‘September, 1925, to locate a line that would meet the general r requirements ~ 
of the problem, which oe for reduction in curvature, saving in ‘distance, 
and permanent protection of the line against snowslides. From a a study of 
“4 the ‘United States Geological Survey maps of the Cascade Range, and other 


3 engineering | data available, it was apparent that a tunnel approximately eight 


) 


_ The! line adopted provided for a single- track tunnel, 9 _—— in length, on 
: tangent, with 0.74 mile of new line approaching from the east and 1.54 miles" 
| CO est Slope-—The locating party on the west slope made a detailed survey 
of the country in the Tye e River \ ‘Valley above S Scenic, to determine suitable 
portal sites and } proper gradients for ‘the west approach, . two portal sites in 


= _ particular being developed, as shown by Fig. 4. Close topography was taken 
and soil and rock conditions were noted. — The existence of a 0.99% grade on 


er 


= main line, throughout the length of the ‘old Scenic - passing track, made it” 


“floor of the Tye River Valley up to the face of the 
‘The Cascade Range is is in a region of high precipitation, particularly i in ‘the | 


‘fall ‘and winter months. Several hot springs were known to exist on 
‘mountain sl slopes: above Scenic, every precaution had to be taken to locate 


the portal | and approaches to ‘avoid. menace from -snowslides, as well as sto 


cover to “portal under” 


a in Fig. 5. The were and the Tye River 


provided good drainage for surface and underground was s known 
y id F: that the westerly 4 mile of the new tunnel would | lie in a somewhat broken — 
E er Ges formation, requiring heavy timbering while in course of construction, but it 
was impossible. to better this | ground | condition and, at the same time, meet 


= 


Slope—On the east side of oe: Cascade Range, portal site was 


— Jocated, as shown in Fig. 6, which met every requirement. | A solid rock face 
of a mountain slope was selected for the portal, , Which could be reached from 
‘the operated line by the construction of less than a mile of new line, or on 1 good | 


grade a and This site was free from _snowslides or drainage 


7 miles in length would meet these requirments, with east and west portal x near “a 


closely 

h 
throw: 
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upon, a preliminary survey was made to connect the portals. Thi 


8 was an 
open traverse, about 10 miles long, following the operated line. | (See Fig. 4) 


The traverse showed that the tunnel would be on alb6% grade, 


descending from east to west, and that the open approaches, | at either end of — 


the tunnel, could be built on a 1. 5% grade, to provide for passing tracks of 


SCALE OF MILES” 


THE CASCADE RANGE. 


_ Open Traverse. —As soon as the east and west portal sites were decided | 


4) = 


The preliminary traverse was extended up the valley of Mill <7 


detailed ‘surveys were ma made which developed that an intermediate shaft s 
could be located i in the Mill Creek V alley, which would have the proper rela- 


Te to the east and west portals and to the sub- grade of the proposed tunnel. 


&; The floor of the valley of Mill Creek, where it is crossed by the axis of the 


tunnel (see Fig 7), was found | to be about 6 622 ft. above the proposed tunnel 


-grade, : ata point 2.41 miles west of the east portal. shaft site, therefore, 


was laid out on * the west slope of the valley, which will be referred to later. 


The relative location of this shaft is indicated on Fig. 
‘Second Survey— —Before establishing the tunnel tangent on the ground, 


a second survey was made, | using more precise. methods, but following very hs 


The azimuth of the long tunnel, calculated from this second traverse, was 


own across the four mountain ‘ridges intervening between the portals. A 
light m mountain type of transit was used in this field work and the error of 7 


dosure between this first location of the tunnel axis: and the open traverse, 


which. followed the heavy ¢ curves of the operated line, 1 was about 6 ft. . The line a 


‘thrown “across the mountain 1 tops w was accepted a as the preliminary - tunnel axis, 


and the 8 by 9- ft. pioneer - tunnel at the west portal, and the 10 | by 10- ft. center — 
ite 

| heading at the east portal, were started by ref it, 

Precise SuRVEYs OF THE TUNNEL 


work for the “definite location” of the. New Ca 


the precise location of the intermediate shaft, in the ‘rugged moun- 


fom 


| 

— 
the | 

— 
rh 
am — 
ent 

— 

— 
was 

good 


=. 
—Alignment.—The establishment of the tunnel the 
‘mountain tops between portals, and the accurate projection of this line 
into the Valley of Mill Creek at the shaft site. 
om  2—Distance-—The measurement of the tunnel axis and the deter- 
mination of the exact position of the ‘Mill Creek shaft with respect to 
rade.—The determination of the difference i in elevation between 
east and west portal and the mouth of the Mill Creek 


— 


which with 11- -in. telescopes of 98 power and 
zontal plates, 7 in. in diameter, graduated to 10” of arc. - Several lines hein 


run with these transits. 
tunnel axis established by ‘the mountain type of transit not a 
- straight line; it contained a small constant error in the : same 2 
: ing th the line to follow a curve, with the east and west portals | of the tunnel at 
either end. A “cho rd” to this curve, extending - from ‘portal to portal, was then 
calculated, and the offset distance > determined for the two intermediate set- “up Q 
points, at | “Cowboy” Station and at “ Big Chief” Station. (See Fig. 
These two stations were then form a base line, from which ‘the 
axis of the | tunnel was produced toward the east portal and toward the mest 
portal. ~ Several trials were necessary before determining the exact points on 


an When the line had been ‘yefined by the precise transits to a degree welll 


that it was s considered safe to construct concrete monuments at the several 
7 ag observation points (seven i in 1 number, see Fig. 9), a high-power telescope direc- 
tion instrument w ‘was used in the final adjustment of the line. illus- 
i tr trates the type of instruments used for various parts of this work. As an 
ordinary piste would not give the required stability, the precise transit was 

7 _ mounted « on a 5-ft. section of 6-in. iron pipe, set vertically j in concrete at each 
a _ of the observation | stations ; it was was equipped w: with a 22- -in. telescope with two 


eye- one > of 30 power and one 45 power. plate or circle 


which a of 5” of The a 
bronze base on which | it rests, weighs 41. 5 lb., and with the base, 78. 5 Ib.; the 


- detail of mounting, a at the several observation stations, is : shown in in Fig. 1. 


‘of the “concrete, to the use of a bob in centering the 
‘instrument: “us the “point”. _ Brass tacks, fixed i in wooden hubs, were u used at 


first to mark the points, but the line was finally the wooden 
were ‘replaced with plates. set in concrete, 
‘point” was marked by a punch. 
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7.—VieEwW SHOWING FLOOR OF MILL CREEK VALLEY THE DIRECTION OF 
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An An inspection of Fig. 9 will show the observation stations established 
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beyond the two portals, from which the tunnel tangent was produced under- 


_ ground to control all underground workings. It will also | show the two inter- _ 
mediate observation stations which were constructed on the east and west 

: slopes: of Mill Creek Valley in order to overcome the great difference in ele- 
vation Chief and the he top of the Mill Creek 


East Portal 
Elevation 2 881 


| 


F Lowerrupm AL SECTION, SHOWING DE ON AXIS OF LonG TUNNEL, 


of Axis Top of Mill Oreck Shaft. —The axis 
’ cctehliched on the surface of Mill Creek Valley, across the mouth of the shaft, 2 7 
was transferred to the bottom of the shaft in the following manner: The : 
shaft was 8 by 24 ft., inside dimensions, with its long axis parallel to the 
tunnel tangent. Two piano wires, size No. 20, were suspended down the shaft a 
f 622 ft. to sub _grade, ‘to which were attached satan 60-Ib. plumb- bobs in tubs sof 4 
water to reduce pendulum motion. These wires were spaced 19 ft. apart. 
_ The suspension of the plumb wires and their alignment at the ; top of the 
‘shaft - was accomplished by m means of two reels illustrated in Fig ig. 12. - Each 
of these r reels rested on two heavy timbers | placed across the shaft dle: The 


viano wire was coiled in the groove ‘of the drum marked ‘ Reel”, 


hate 
hang ; a | short. distance into the ‘shaft, ‘the wire > being made to pass | in n the V- 


groove of. the rod marked, “Rod 1 in. rd. x 1 ft. ie Inspection of the | 
sg will show that the e hanging w wire can be seen en through the frame from — * 
es with a surface transit, set up in proper relation to the — axis. 
‘The final adjustment was made by means of the grooved rod shown i in Fig 
Lal The n nuts ‘through v which this rod turns, were e bedded firn mly i in t e wood, 
4 By ‘turning the rod one or the other, the position of the wire 
could be shifted very slowly in comparison with the turning | of the rod. ee a 
When the small weights lowered to the bottom of the shaft 

replaced by the heavy , plumb- -bobs, these were brought to the required eleva- 


tion by turning the reels with the cranks. — They were held there by means of — 


“the pawls engaging the ratchet wheels as ; shown i in Fig. 12. Any | additional : ad- _ 
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justment of the wires that might be required at the top the | 
had been attached, could still | be easily made by turning the grooved rods. ik 
Two 1 transits ; were set up at ‘the bottom of the shaft, on opposite sides <a 4 


wed lines in . the” main tunnel excavation, and each w as ‘moved 


which was located. “off center” the main tunnel in such manner that 


Q ft. of the shaft, along the longitadinal axis, would fi fall within the main 
tunnel excavation. The plumbed line was, , therefore, an o offset line which wv was 
 eorrected to true center by —ae arallel tangent at the proper offset 

— ATION OF Lenct H OF Tonnen , AxIs 


Chaining Traverse.—Measurements of the tunnel axis involved 


fi the determination | of “distance” ” between two given points on the tunnel tan- 
gent, outside the portals, , by means of an open traverse. A preliminary eal- 
culation was made from the two open tra verses, which followed the general 
alignment of the operated line, a system of co-ordinates being used from which 

3 To determine ‘ “distance” in the most st precise manner, an open traverse, con- 

- sisting of four ¢ courses, was laid out on the ground and measured, beginning l 


at a a point | on the | tunnel axis produced east of the east portal, | and ending : at 


was laid through Cascade Tunnel, produced eastward for some 
beyond the east portal of the old tunnel. wl ae 


Ma In laying out the courses ; through the .e timber, wide ‘ ‘cuttings” ’ were made in 
order to secure unobstructed ‘vision between observation points at 


fir, spruce, aaa esitind: ‘many of the trees oe more than 3 ft. in diameter 


and 150 ft. in height. _ The actual measurement of the different: “legs” of the | 
___ traverse was done in the following manner: Substantial stakes were e driven 


“ing to transit alignment, and the. of he: top of the stakes determined 
spirit leveling. The actual, or “slope” distance between tack points 
- the stakes was measured with steel tapes, a precise record being kept ope 


temperature and the tension on the at the time of measurement. 


7, pr the old Cascade Tunnel, 9 63 ‘miles i in n length, ‘through which | a part of ul 
ys of the sides of the traverse was located; the other tape, 300 ft. long, was used 
entirely in the open. bails her aidt sho 
These tapes were calibrated in Seattle by comparison with U. S. Govern- A 
‘ment Standard, at Government Locks, Lake Washington Canal, at intervals 


of 100 fti» In: addition to. the calibration, experiments were conducted to test 
the standard formulas for lengthening due to tension and for shortening due 
‘to sag, with the tape in horizontal and inclined positions. a ‘These | tests were 
~ made for the full le neth | tape, and for 100-ft. fractional parts of it. 4 From the 


data thus obtained, in order to facilitate the red reduction of notes in the office, 
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for each eon, _ These graphs 1 were drawn on cross- -section paper, to such a seale 


that all corrections could be easily read to the nearest thousandth of a foot. 


Ratchet whbet 
kebed to Shaftl 


Machined to 
fit over rod 


DE ELEVATION tit evevar END ELEVATION 


\ Wires FOR PROJECTING Axis or Lone “TUNNEL | ar Borrom 


= 
corrections applied w were, as follows: 
sag correction graph for the 300- ft. tape supported on level 


we supports at the 0-ft. and 300-ft. _marks, with the pull varying, 
, + —A sag correction graph for the 500- ft. tape—conditions ‘similar 
to those outlined for Correction 

JIL—A correction graph to apply to results taken from Corrections 
I and II, where tapes are supported by more than two 


-IV.—Graphs showing variation in elongation due variation in pull. 
—Grap s owing correction or temperature. 


— 


Pa pers 
I ae for corrections required in order to reduce measurements 
toa datum plane of 2247 ft. above sea level, this datum being 
the elevation of the sub-grade at the west portal. TC walk 
: VIL. —A graph for applying corrections for sag when the supports lids 
level, but on a uniform 


= 
2 


> 
22.37 


(Observed) 


The ‘actual field notes for chained distance between Traverse Station No. 159° 
é to No. disclosed that the observed reading, with | “Ib. pull, 299. 900, 


of of. outside supports equal to 37 40 ft. ‘The tempera- 


2 ams was 79° and the elevation of an end support = 2 904.06 ft. The com- 


putation was arranged as shown in Table3. Siem 


3LE 3 MPUTATION vo DETERMINE. Connecrep BETWEEN 


iat ATIONS Nos. 159 AND 160 


‘Tape ape fending, in feet 
Calibration correction 0.033 
Sag correction, 97% (V times 0.22 in. times 0.037 (III) times) 
300.028 
rue horizontal distance at elevation 2 247 ft., feet... 


4 
Observing ‘Angles. s—The precise transits, used in establishing the tunnel 


— _ were also used to observe the five angles of the precise traverse. — The 
a? angles were observed in three sets of repetitions by two observe =, each repeti- 


tion consisting of ston readings. ant i 
Re S. _ An exact record made of each angle reading was entered in the field book. 
; The lengths of the courses were ‘computed from these various field observations, 
curvature of the earth being disregarded, because the error involved i in : assum” 
ing the surface of | the pentagon to be plane instead of spherical, was found, 


to be less than 0.1 f ft. for the longest scence 
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short , distances fr from Observation Stations A and G, Fig. 18, to the 


“east and west portals, were measured by the same method used in measuring 


Priangulation Survey. —As a check on ‘the distance between portals 
and the relation of the Mill Creek shaft to either portal, it was decided to 
make a triangulation survey © of the project. The work was carried out int the 
‘summer of 1926 by Henry B. ‘Alvord, Assoc. M. Am. Soc. 
» The first course of the precise traverse near Berne, which had been ——_£ 7 

by methods previously described, was used as the - base line for th the triangulation 
system. results of the first and second measurements of. ‘the precise 
oe averse, as compared with the triangulation survey, are shown in Table + _ 

In determining final measurement, one- third given to the first” 

measurement over the Great Northern traverse and two-thirds we eight to the 


second measurement, the result of the triangulation being used for the purpose 


7 


a 

Measurement 


_|§ Great Northern Engineers... 400.358 43 750.22 


Res ‘sent of Mill Creek Shaft. —The § 8 by 24-ft. shaft was “lined i in” on the <n 
pmeny axis from two intermediate theodolite stations on the east and west 
slopes of Mill Creek Valley, shown i in ‘Fig. The ‘plumbing of the shaft 
om Be ue | determine the distance from the east portal to the shaft, the triangle, © 
00.023 8 A- B- D (see Fig. 13), was laid out on the ‘ground, the ‘station, 2 being a a ‘point 
ont the A- Station D was a point accurately set on the tunnel 
axis. - The solution of the triangle, A-B-D, gave the length of the side, A-D, 


to ) which was added the measured distance from Station D to the mouth of the 


Determination of Grade. de.—The west slope of the Cascades is everywhere _ 
‘much ‘steeper than ‘the east slope, the rise to the summit of the range being 
made i in| ‘a shorter ‘distance. In order to. overcome this difference in natural | 


ground slopes, the summit of the tunnel grade was. placed wathaee east ened 


0-009 


to the summit, than would h have been possible with the summit at some inter- 
“mediate point between the portals, By following this plan, the same ruling — 
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east 1 to ) west. A long vertical curve he 10 per connected the 
from to ‘want, on 


ware 


the elevation of the shaft had in its 
proper relation to the east and west portals, the sub- “grade 0 of the main tame) 
was set 622 ft. below the top of the shaft. A steel tape was used to o carry the 
measurement down the vertical side walls of the shaft. ee a are 
Table 5 shows the comparison between the old and new line, ais Berne 


‘TABLE BETWEEN THE anp New Lines © 


Berween BERNE AND 


ola New line 


Favorable 
to new 


Length, in n miles.. 
Summit elevation, in feet Seat 
Total rise westward, in feet 
Total fall westward, in feet 4 4 
Snowsheds, total length, in miles.. ok 5 
Bridges, total length, in miles,..... 
Tunnels, total length, in miles 
-Maximum curve 

Total curvature 

95% 


7 Unfav orable to new line. | 
‘GENERAL Puan or ATTACK 


ipa final plan for the construction of the Simplon Tunnel in the Sw iss 
_ Alps was devised by the Jura- Simplon Railway Company in 1893, and was 
submitted, by an arrangement with the Swiss and Italian toa 
a commission of experts, made up of Guiseppe Columbo, an engineer of Milan, | 
 Ttaly; Francis Fox, of L ondon, England; end C. J. Wagner, of Vienna, Austria 
State Inspector of Railways, formerly | of the engineers Arlberg 
Be plan provided for the dviving of a itinas gallery, or pioneer tunnel, 
ae to the main tunnel a: and 55. 1 ft. from it. This pioneer tt tunnel Ww was to be 
- used to drain off underground water and to akin fresh air and cold water to 
j the working faces. _ The plan had special merit in that it made it possible 
‘to enlarge the auxiliary: gallery to a full- sized tunnel for double-track ‘opera- > 
tion, , whenever traffic conditions warranted such expenditure. 
es : a formulating t the plan for driving the > New Cascade Tunnel, considerable 
_ was given to the method of construction used on the Gimwlon Toned, 
and, as a result, it was decided to drive a pioneer tunnel between Mill Creek and 
See Mill Oreck shaft divided the tunnel into two segments, the easterly 
ex portion: being 2.41 miles in length, and the e westerly portion, 5.38 1 miles. of 
- tudy of time schedules showed that section of tunnel between - the east 
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portal and Mill Creek could be completed within ami by following in 
center-h heading method, without the aid of pioneer tunnel, but that 


- section n of tunnel between Mill Creek ; and the w est portal would ald require e the use 


Accordingly, a pioneer tunnel was: laid out between the shaf and the 


Tunnel. _ (See Fig. 14.) ‘ws was considered that this interval provided suf- 
~ ficient distance away pean the main tunnel to avoid disturbance to the rock — 


¢ - formation without being too far away to complicate the construction of cross- 


cuts and the movement of spoil trains and cons struction supplies, back and 
| forth between the pioneer and the main t tunnel. - the event 0! of future double an 


track, the pioneer tunnel could be , enlarged for second track, was done in the 
- Simplon Tunnel, or it could be used as a haulage-way from which to attack ae 
new tunnel at intermediate points, as 1 might be be required. Likewise, the pioneer - 


¥ tunnel r made permanent provision for taking care o of the drainage from the 


6 Feet Center to Center ‘MainTunnel -60 Miles -81 Mile 


3.37 Miles 
Se 


3 200 Feet Feet 
+6. 634 Feet 
Pioneer Tunnel Pioneer Tunnel from West Portal met Pioneer 


35 Miles from Shaft May 1, 1928 
‘Fic. 14.—PLAN OF MAIN TUNNEL, TUNNEL, AND Cuts. 


The controlling features of the project, | which made it x ; necessary to attack | 7 


the work simultaneously at several intermediate p points between } portals, were as 


(2) Size of tunnel, single-track (see Fig. 
istria, Grade, 1. 565%, descending east to west. secreting 
riberg (4) Tunnel to be lined with concrete throughout. 


s to be ‘ he In ieieeaiatiimiatiiads of attack, ev very consideration had to be given the 
ater to. Water problem, with the possibility of encountering water in such quantities 
ossible f that drifting operations, down grade, might be > brought to a standstill. 7 his 
opera sn The tunnel grade descended from east to west, and at the time > of starting 
construction it was not known how successful the tunneling operations 
derable be, if driven down grade. udging from the rainfall in the winter months 
Tunnel, throughout the Cascade Range, with its” ‘numerous mountain streams and 
eek and springs, it was reasonable to expect water- r-bearing rock formation all 
primary uncertain together with the speed require-- 


— 
easterly 


e 
n 
ne 
4 
ne 
— 
q 
4 
4 
1% 
— 
— 
1el west of the shaft. ‘The shaft 
| 


OASCADE TUNNEL, GREAT NORTHERN 
_ opened up several new points ts of attack , and in case water in any considerable 
“quantity was met between the east portal and the shaft, drifting operations 
oaks be continued up grade fi from the bottom 1 of th the shaft, the water encoun- 
tered being | drained by gravity into large sumps, and then lifted to the top of 
the shaft by electrically driven force pumps. the pioneer tunnel, 
_ advancing eastward (up grade) from the west portal, made it possible to drive 
the several cross-cuts to the main tunnel up ) grade, so that water from the | 
enlargement operations | would have gravity flow to the west portal. Wahi uf 


a Tye River Incline —The surface indications at the west portal were of = oh 


; such a character | that it was practically certain that soft ground would be 
encountered for a distance of about 1000 . Te avoid the delay which would 
result from excavating through this heavy it was decided to ‘drive 
4 30° incline adit, 251 ft. long, from the Tye R River Valley to the pioneer tunnel, 
intersecting the ] pioneer ‘center line and grade at a point 2 279 ft. from the 
west portal. ‘Subsequent developments justified this move, as the material 
~ encountered in the pioneer tunnel, west of the adit, was ‘of such a character 
that the advanced pioneer drifting crews, served from the Tye I River incline, 


had penetrated to a point 5703 ft. from t the west portal by the time e the west 


portal crews broke through into o the advanced drift. d 

Too sbtain the location of the tunnel portals for the underground T 
operations, the axis of t the tunnel, as ¢ determined by the line over the mountains, studi 
was transferred to a point ‘near each portal by a a direction theodolite | wae | provi 
. In the case of the east portal, the line was thrown down from the theodolite insuls 
Ss up ‘on the mountain east of the east portal (near Berne), using the monu- neces: 
ment east of Mill Creek as a foresight. A transit was then s set ‘up over the insuls 
“point”: near the east portal, ‘and the monument east of Berne was used a B made 

to produce the line into the tunnel. At the west portal reduce 

ing operations were carried out and, in | addition, a base line was established to ff 5 ft. ( 


control the pioneer r tunnel. An offset line, 66 ft. parallel to the main tunnel conere 
axis, we was laid « out on the south ‘side ¢ of the tunnel tangent, and this base line were § 
_ was used to pre project the line into the pioneer tunnel. . In the case of the under- the pr 
- ground workings near the Mill Creek shaft, ' the 19- -ft. bi base line, plumbed « down oe: 
fr rom the > top of the shaft, v ‘was used to carry the line forward toward the east J that £ 
| the advanced 1 workings ir in nant main tunnel atin the west portal and side. Ww. 
the Mill Creek shaft, were controlled from the pioneer tunnel, both as to line 
and levels. — As soon as the underground operations | had advanced any consider- 
able distance, 1 more ‘precise methods of establishing line and grade ‘were used. 
a 4 In following up the main enlargement from the east and the west portals, the 
; large direction theodolite, mounted on a 6-in. iron pipe “support, w: was used to 
give the final line. On account of the heavy smoke, long sights were, as a Tule, 
Leveling was done with levels having -in. ft. 
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driving the 10 by 10-ft. heading between the the 
Mill Creek shaft, under the instrumental controls previously described , the 
drifting crews met on “March 4, > 1997, at a point 3 3 200 ft. east of the shaft, 


9543 ft. west of the east portal. ‘The error of closure was 0.23 ft. for nie 


a In | driving the 8 by 9- ft. pioneer tunnel eastward from ‘the west portal, and 


_ westward from the shaft, the two crews came together on May 1, 1928, at at 


| Fy point 17 775 ft. from the west portal. — The error 0 of eloware was 0. 64 ft. for 
| “tine”, 03 78 ft. for “grade”, and 1.0 ft. for “distance”. (See Fig. 14.) This 
junction of the t two control lines in the pioneer tunnel, well in advance of 


agement operations in the main tunnel, provided a ready means of check-. 
ing back over the offset lines, connecting the pioneer with the main tunnel, 
so that a perfect ‘tangent was established in the main rai ames the con-— 


we 
GENERAL STANDARDS OF Constavonon 


Tunnel Section— —The internal width of the tunnel, “between the concrete 


— side walls, was determined from Great Northern tunnel standards which pro- 
_ vided for a 16 ft. 0 in. . width on tangent track. The internal vertical clear- 
ance did not | follow the Great Northern standard of 22 ft. from to 


The electrification of the t had been decided upon in in the ‘preliminary 
studies and in g 


n designing the tunnel s section, a three-centered roof arch was 
provided. 11 000- -volt contact system was ‘Specified for present installation 


but, in prtewtes the ‘electrification, it had been decided to provide space ioe 
insulation against a future 22 000-volt trolley line and, in 1 order - to avoid the 
necessity of increasing the height of the roof arch, to provide» for the longer 
‘insulators 1 which would be ‘required for the higher | voltage, special plans were 
made for attaching the overhead trolley system to the roof of the tunnel, which © 


“reduced ‘the distance between the trolley and the tunnel roof. Circular domes, 
(5 ft. 0 in. in diameter and 1 ft. 2 in. deep, were provided at the center of the 
concrete roof arch, at 75 ft. 0 in. intervals, from which the trolley insulators 

were ‘suspended by » means of a bronze insert , set accurately in 1 place e during 
the process of pouring the concrete lining. w 


The us use ) of these domes and the hone centered roof arch was economical ine 


as shown Fig. it resulted in 


OF 

to the ‘nature of ‘the rock and the amount ory excavation n necessary 
provide proper thickness of concrete lining. (See Fig. 15.) As 


‘Tule, the following vertic tical and dimensions were used in the process” 
Hard rock, requiring no timbering, wit 0 in. width by 25 ft. 


ei ca _ Soft rock, requiring no timbering, 20 0 ft. 0 in width by 25 ft, 6 in. io 


Earth or rock, requiring timber lining, 22 22 ‘ft. 0 in. _ width by 27 


in. above tunnel sub-grade. 
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g the 12 by 12-in. timber lining, the timber sets were spaced 


- A 
according to the. character of the earth or “rock. 


Track. —Track i is laid with Great Northern section, 110-Ib._ rail, and | 
by 105 -in. steel tie- -plates, weighing 13.05 Ib. each 5 8 200 creosoted | ties, 7 by 
in, by 8 ft. long, are used per mile of track; 21 in. of washed gravel ballast 
was placed under the ties after the tunnel floor w as: built and leveled off to 
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Fre 15 _—TYPIcAaL NEw TUNNEL THROUGH ‘THE CASCADE Ranes. 


Drainage System—The at quantity of water encountered in 
differed greatly throughout t the tunnel, and the permanent drainage 
system was designed to meet these v varying conditions so as to provide > ample Ef 
‘The east half of the tunnel was driven through “comparatively dry forma- 
% tion, so that from the east portal westward for 3.85 miles, \ water, entering the 
ro tunnel from 4-in. , weep-holes through the concrete lining along both | sides of 
track, was carried i in ‘side ditches. ‘Tn this ‘distance, there was snot as sufficient ' 
quantity of water to cause ‘any trouble. Ata a point 3. 85 miles from the east 
portal the accumulation of water was turned into the pioneer tunnel by means 
- of a 12-in. pipe, embedded in the south » wall of the concrete tunnel lining. a~ 
os a this easterly cross- -drain westerly, for a distance of 2.38 miles, the 
tunnel passed through a a heavy, water-bearing formation, which required that 
-eross- -drains to the pioneer tunnel be constructed about every 1 500 ‘ft. Bu ~The 
pioneer tunnel, therefore, became the permanent artery of ‘the drainage 
_ system, into which all water treme 2 the main tunnel between the east portal 


a distance « of 6. 23 miles, was | diverted. No 


a point 1.56 miles taint of the west portal to the west portal, because > n0 
heavy, water- bearing formation was encountered in this westerly s section. = 


hee - _ The bottom of the Mill Creek shaft was filled with concrete to a point 
oe 10 ft. above the top of the concrete tunnel arch, A 6-in. pipe was placed i in 
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Mill Creek was s then completely filled the broken rock, 
in th the process 0 of sinking the shaft. __ 
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PLAN 
cause =m Rig. . 16 shows the typical plan used to divert water from ‘the main to the 
pioneer 1 tunnel. The size of the cross-drain 1 pipe was ; dependent upon the flow 
of pete: 20- in. pipe | being used in most cases. Thirteen permanent cross- 
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drains were built and these cor continue in service. ‘At pr present, re ¢ ec 
= 5.000 gal. per min. . flowing out o of the pioneer tunnel at the west portal, and eu 
Steps are now being taken to maintain the ‘pioneer tunnel, west of the 
 eross- -drain (3.85 miles from east portal), by y placing eoncrete lining in such | po 
tions as require Thus, there will be 3.94 miles: of the pioneer ele 
in ‘permanent use as a water tunne Ins 
Refuge and Transformer Bays. Refuge bays, 8 by 8 ft., were placed 
: south tunnel wall at 1 200- ft. intervals, 1 mile of the east and | i= 
west tunnel "portals and at 2 400-ft. ‘intervals in the middle section of. the 
tunnel. ‘Transformer bays were placed in the ‘north tunnel wall at 2 400- ft. i St 
Three lines of 4- in. sleeve- joint fiber were placed in the north 
tunnel wall. 5 One of these conduits wa was used to carry the 13 200-volt lighting — 
<4 and signal primary ; one was used for the tunnel telephone circuit wiring and the 
signal wiring for ‘the: oper ation of the e track circuits; and one conduit v ; 
_reserved for future use. One 3-in. iron conduit was Pieced 3 in the 
pr 
‘south wall to carry telegraph and telephéne cables. 
Automatic Signal. System .—The automatic ‘signal, 
tunnel provides positive blocking i in both directions for and ¢ opposing 
train movements. . It consists of an eastwé ard starting signal at the east passin g- ‘duit 
‘track switch at Scenic and a westward starting s signal : at the west passing-trac p= 
currs 
at Berne, together with five -double- -signal loc: ations within the tunnel. 
"These | signals | are of the color- light type and, on account of the positive po 
block, a are of two colors only, with the exception of the “distant to entering” ne Mab 
- signals « at Scenic and Berne, where the third indication is given. tors, 
> 
ae locations within the tunnel are spaced 9 600 ft. ; - apart and are located: ‘fain 
so that | one pair is at the center, » one pair 2 2 ; miles i in from n either end, and one + of co. 
approximately 1400 ft. from each portal. the locations are at the coils | 
i 
transformer | bays. Track circuit sections extend from location location niche 
a) 600 ‘ft. in length and are of the center- fed type, making anes a joints and the tc 
reactance bonds y only al at signal locations. furthe 


Power is supplied at a frequency of 60 eyeles, to make from ing cc 
i. the 25- cycle propulsion p power. It is possible, therefore, to separate the 60- of ope 
= cycle signaling cu current on the rails from the 25- cycle return propulsion cur- B &ven 6 
[Pwige rent ant by 1 use of centrifugal type track relays, which respond only to the poe houses 


The 13 | ‘volt transmission line is is ‘tapped in the transformer a set o 


is a lead- cable of two No. As soft- It is 
_ stepped down in the transformer “bays to 110 1 volts" for signaling and 220 volts = 
for lighting. The cable i is ‘entirely. sectionalized at the center bay and at the 
2-mile bays. The track reactor bonds, with capacity of 500 amperes per 


make the track continuous for propulsion current, but it 


* 


rmer ner bays at the s 8 gna t ‘The circuits are carried in n rubber 


= 

| 

4 


through a fiber’ conduit the tunnel wall alternating- 
‘current line relays are used ‘throughout. ba 
The light ‘signals 3 are be bolted directly - to. the tunnel wall so that their lowest 

| Siew at the level of the top of the rail, without encroaching on the side 


clearance. They are 8 volt 10-watt lamps, lighting directly from the alternat- | 
ing current, with a second or emergency light arranged to cut into the circuit 
- automatically it if the bulb in the green unit should burn out. ~All lights are 
operated on the approach lighting system. The two-color init show red for 
: “Stop” and green for “Proceed”, while the three- color units show red for 


3-in. vlshebiedie’ -iron fee in the south tunnel wall, below ae floor level “of 


“the 3 refuge bays. The iron | conduit was used in order to get the benefit = 
Cy 7. 
its magnetic shielding effect, the usual lead sheath of the cable having no such 


magnetic | qualities, although, of course, it does possess electrostatic 


properties. — T he conduit run was broken every 600 ft. by cast-iron pull- ‘boxes 
of special design, the cable being pulled in in 600-ft. lengths, and spliced | at 
each box. 2 he electrical continuity of the conduit was preserved past the box 
joints by spot-welded bond wires carried ‘around each box. - The entire con-| 
duit system was grounded, to provide \ ae déainage | of stray high-tension 


‘The cable. used was of American Railway Telegraph and Tele- 


itive Phone Section, Type ‘4H, 14 pairs, with the added die lectric - strength | of the 
ing” -double-paper insulation, providing for 2 000-volts breakdown between conduc- = 
eal ‘on and 3 500 volts between conductor and sheath. All conductors w were both | 
cate ‘paired and quadded, and all are 13 B. & S. gauge. ‘Three quads, or : six pairs _ 
done of conductors, were equipped with loading coils, for telephone service. 
.t the coils are : located every 6 00 000 ft., or a at every tenth pull- -box, where an additional 
cation niche was cast in the tunnel lining of sufficient « size to accommodate the coil on 7 


ts and the top of the pull-box. As the load | coils are enclosed in iron “Thee 
i, further mechanical or electrical protection was required for them. The load 


o from ing coils reduce the impedance of the cable conductors to approximately ‘that 
* 60- of open wire. The cable was extended at the portals sufficiently to Tun out 


even 6 000-ft. sections, and was terminated in a fireproof tile and concrete cable 
hi cher § houses, where it is s protected against high voltages from outside the tunnel by 


= bal sets of standard carbon _ block protectors, with ampere and with 
| aset of gas protectors between the two sets of carbon protectors. 
This Communication locally in the tunnel i is. carried on ‘through a seperate 
rubber- insulated lead sheath: cable, carried the conduit with the ‘signal 
secondaries in the north ¥ wall. Telephones of the weather- proof, iron- 
et + the mine type are provided i in each refuge bay, and the circuit is continued to the i 
d ~ depot. office 1 near each portal, ‘where necessary switching apparatus i is provided 
wade to connect. such tunnel circuit to the dispatcher’s or other telephone circuits, 
permit : as may be required. _ Extra conductors are also provided in this cable to take > 
he care of the dispatcher’s telephone and to provide ‘necessary test 
spa p I e y 
n rubber | | should the main 
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i the tunnel circuit is operated through an | insulating transformer, to inmare 
— under adverse inductive conditions without danger to the user. 

aad ‘Tunnel Lighting. —Lighting recesses were placed at 1124-ft. intervals, 
throughout: the length of the ‘tunnel. plan was developed. to 


the 3/0 conductor. No. 2. cable, which was used to furnish power for 


_ tunnel construction, as a means of providing for flood lighting at any point - a 


throughout, the tunnel. cables are attached walls 


benefit of gangs... 
Trolley.— —The 11 000- volt 


senger from which is “suspended, by flexible. a 4/0 hard- 
rawn copper contact wire. | The messenger is supported at 75-ft. intervals: a? 


a three-unit suspension type insulator and the entire contact system is sec- 
P tionalized with an air g gap ‘and anchored at spacings of approximately 1 mile. 
Suspension type insulators were used, throughout, both for messenger suspen- 7 


16 sion and for strain insulators. at the air - gaps, with : a voltage rating of mae 000. 


Are INE AND Grape Improvements, East Store or CascapEs 


Coincident with the construction of _ the new Cascade Tunnel, and the 


electrification of ‘the main line, a comprehensive program of grade and curve 
reduction and elimination of snow-sheds was carried out on the east slope of 
- the Cascade Range between Peshastin (a station 19 miles west of Wenatchee) 


and Berne, near the east portal of the new tunnel. Fig. 2.) hy 
The Chumstick Line. tied he important: part. of this line. revision was 


of the new -Chumstick Line from Peshastin to W inton, 16. 92 
miles, at a cost. of nearly $5 000 000. bs, The building of the Chumstick ‘Line. a 
s0- -called from the name of the ‘creck valley which it follows for. b 4 miles, had 


been under consideration for a number of prior to the construction of 
ia In 1921, | surveys were phi for various routes via the Chumstick V = he 


ard the Tumwater of the ‘Wenatchee River. Most of these 


_ standards were used, with maximum curvatures of 3 8°, and 8 a maximum grade 

she ig 

1. 6 per cent. In order to adhere. to. these standards, it necessary to 
nstruct a spur line, 8 860 | ‘ft. long, to Leavenworth, to serve, that “community 


co 
ATS 


athe, old main line followed the water grade of the Wenatchee River from 
ts mouth to a point, about 2 miles east of Winton, as shown in Fig. 2. The 


fall of the Wenatchee River ‘betwsien Leavenw orth and its confluence with the 
~ Columbia River, is only 93 ft. per mile, but above Leavenworth, as far as 


~ Chiwaukum, the river passed through the Tumwater Canyon i ins a succession 

y a rapids, where the rate of fall, in certain sections, is 100 ft. per mile. The 
was benched i in on the north bank through this canyon, which ‘required 
i the use of 2. 2% grades. i For some distance through the canyon, the old track 


was protected against snow and tock slides from the upper slope by 
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< ‘sheds, a large percentage of which yeqaived) renewal in 1928 and 1929. Of 7 
these sheds, 8 401 lin. ft. were already in place, and to protect the line ‘ade- 


quately through the Tumwater ‘Canyon, it was considered 1 necessary to build - 
approximately 4000 ft. of new sheds. _ _ The large snow-shed program confront- 


ing | the Railroad Company in 1 the near - future was a deciding factor in favor of — 
te) 
the new route, but there were other advantages to be gained by the construe- -. | 
tion of the Chumstick Line, which may be briefly listed as in Table — 

_ TABLE 6. — ADVANTAGES OF Cuumstick Line Comp: ARED WITH Ot ‘Line, 


18.08 miles 16. 92 miles 1.16 miles 


“from the old Tine and follows lands» 
until the Chumstick Valley i is reached. The line then turns up this valley for 
. about 7 miles, with very good general idtieeioats it penetrates a ridge, separat- 
ing the Upper Chumstick Valley from the Wenatchee River Valley, » by a tunnel 
2601 ft. long, and crosses the Wenatchee River 4 mile from the w west portal © 
of the tunnel ona 360- ft . steel bridge, at a ‘point: about 5 miles above the old 

line crossing, near Chiwaukum. . For the next 2 miles, the line is laid along 
| slopes above the ‘Wenatchee River, and follows Dead Horse for 


me “mile, toa tunnel, 4 4059 ft. long, through the ridge to Winton, » where it con- 


ie ‘The maximum grade on this line is 1.6%, against westbound traffic, and is — 
nves 1 ‘compensated for curvature. The first section of the 16% grade i is 3 miles 
tule long, and the second section, 34 miles long, and, except for these two stretches, _ 
better the maximum | grade i is 1. 5%, compensated. 
grade Minor Line Revisions.—In addition to the 1 new w Chamatiok 
ry, 10, short ‘sections of the old line between Winton ‘and Berne, a distance of 14 


niles, were improved in alignment grade. ‘From ‘Winton westward to to 
Nason Creek (3 miles), a radical line made at ‘a cost of abou 
from 000, which crossed and recrossed the old line, eliminating considerable 


. The curvature and i improving the grade. There \ was ee S summit on the old line = 


far eastbound. This was: lowered, and the sag to. the was 


as to provide a 1% westbound and a 0.6% eastbound grade. 


Pris 4 B sds Several other small line changes, in which a number of sharp curves were 


diminated or reduced, made on the east slope of the. Cascades, by the 
‘distribution of 254 109 cu. yd. of tunnel spoil in a distance of 7 miles, — aan 
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II. —CONSTRUCT ION PLANS AND METHODS 
By J. C. Baxter,’ M. Am. Soc. C. E. fin 


; A y. s stated i in Part L the snow- -shed problem on the west slope of the Cascade 

Range early brought under consideration, by the Chief Engineers of the Rail- 

way” ‘Company, routes avoiding the snow- -slide area. All these routes em mbodied 

various projects, studies were made by the e contractor (A. Guthri ie & Co. » Ine. ), 
of the > probable t time required for driving the tunnels. — oe ave’ 


These s studies v were made with the 1 primary thought of rapid progres 


Secone nd.—Because additional savings could be made during the 
and possibly during the last two: years of the construetion period. by ‘not 
eee proceeding ¥ with 2 a detailed time study « of any of the various ‘hinted 
; made of the methods that had been used for — 
driving and mine tunnels, , and of the e probable drainage requirements: 


; ee a long tunnel through the Cascade Range. 7 From this examination the fol- 
lowing statements were developed: 8 


: tee tunnels through the Cascade Range and in the later examination of these 


; (a) ‘The highest rate of progress in a long railway tunnel, as repre- 

4 iD on sented | by total length divided by total time, had been made in 

Be (0) The next highest rate of progress had been made in the Rogers 
Pass or Connaught Tunnel on the Canadian Pacific Railway in 
Rath ad British Columbia, which was completed in 1916 and was prob- 
ee wr: Tene ably the first example in the Western Hemisphere of the use of the 


(ce) The lowest cost per cubic yard for heading excavation obtained 
‘2 a ii by the Contractor had been made in a double-track tunnel through 
at bite: OF shale in the Rocky Mountains on the Great Northern Railway, 

i. where working galleries on each side of the tunnel at the wall- 

_ plate elevation had been driven its entire length before proceed- 

em with the heading excavation, which was then carried out from 

eross- -cuts connecting the two working galleries, or pioneer drifts. 


nh The advantages of an outside working gallery could be obtained, 


t Je anal under certain conditions, by the use of a shaft, as exemplified ] 


— ope by the Ozark Tunnel, in Illinois, on the Illinois Central Railway. 


_ was afterward enlarged to a second railway tunnel, a pronounced 
saving in cost accrued, in addition to the increases in speed, and 
it was possible that a long tunnel through the Cascade Range 


te cy tt might eventually require double track, or at least the ‘construction 


*®B From a . study of mining methods it appeared that most low- cost coal 1 mining 


operations were conducted from working galleries or drifts. A study of the 
probable drainage requirements indicated that: Bota 


- §Contr. and Engr. (Carey, Baxter & Kennedy), New York, N, Y., formerly Vice-Pres. 
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odo —@) The rocks of the Cascade Range, on account of the heavy anaes i 
eet - precipitation, might be expected to carry water in large quantities. 
(3 An outside working gallery, or pioneer drift, would facilitate the 
handling of water during construction, , and provide an auxiliary 
\! drainage galler; ‘y into which any permanent sed of water could “il 


r. In considera ation of the foregoing it was decided to assume a pioneer drift, 
i“ vertical shaft, where either w rere applicable, in making studies | of the 
| srobable time that would be yequired to drive any of the projected tunnel “ie 


tia These studies indicated that the tunnel on the route finally selected could. 


be driven in three years To arrive | at at this time the following plan had been 


1) The line of the — was at a point about one-third 
"distance from the east end by the Valley of Mill Creek, the tunnel 
= grade at this crossing being only 622 ft. below the floor of the 
alley A shaft at this point would cut the tunnel into two por- 
tions: ie eastern section, 2.41 miles long, and a western section, 
Pee O68 38 miles long; thereby reducing the continuous len gth of tunnel 
aay to be attacked to the length of the western section ; that i is, 5.38 — 
The western section if attacked from both ends, (through the 
wi West portal and the Mill Creek shaft) could be completed in 
three years, using a pioneer drift and center heading and remov- 
_:- all the enlargement muck from one face if the ground was 
oe enlargement from a center heading. If the ground 


at was not favorable to such an operation, then the section could be ~ 
ae Bs completed in three years _by as many secondary enlargement 
in operations ser ved through the p pioneer drift as were necessary. 


prob- gy: The eastern section was obviously one that could be completed in ~ 


th three years in many different ways. However, it was almost 
certain the tunnel would require concrete lining throughout. 
> There was no suitable aggregate for concrete near the Mill 


net Bin The on this section was to it up by driving a 
. evel center heading from both the east portal and the Mill Creek 
shaft, enlarging this section entirely from the east portal while 
from securing access to the center heading from the Mill Creek shaft 
‘drifts. a Soi _ instead of a pioneer drift. In this way it would be possible to 
tained, | ere: complete the eastern section early enough so that aggregate for 
aplified wee the concrete lining of that section and of the section driven west 

= from the Mill Creek shaft, could be delivered by rail at the east — 


portal, which was practically on the line of the existing railroad. 
rounced M 19) (d) The ground from A to B, Fig. 17, ‘consisted of the remains of an 

ed, and _ old slide, and it was certain that the penetration of this distance “ 
Rangel __ would be very slow. Therefore, an inclined shaft was proposed at 


|) ie Bin the Valley of the Tye River, in order that the pioneer drift — 
7 h h from the west portal to B. 


y of thes. A time- distance chart b based on ‘this general plan is shown in Fig. 18, 
vile | which has been superimposed the actual progress in the various ‘operations. 
After decision to construct the ‘tunnel had reached, this general plan 


adopted and the tunnel successfully completed. However, this success was due 
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to the flexibility of the general plan adopted, in that it varia- 
tions of procedure where necessary to meet changing and water condi- 


tions. 


Gig 4 


= 


: PLAN 


Fic. 17.—DIAGRAM LOCATION OF TYE RIVER INCLINE AND REMNANTS OF OLD SLIDE. 


of all long tunnel operations, and the Cascade Tunnel ran true to ae 
‘type, but, as. mentioned, the basic plan of operation lent itself readily to meeting ~ 7 


| 


enter Line Pioneer Drift 


mS 

am 


net Distance in Thousands of Feet from West Portal pers 


Fic. 18.—Tme- DISTANCE PROGRESS CHART, SHOWING ACTUAL CoMPARED WITH 


: ug To meet the various ground conditions encountered, seven general | methods 


oe methods of attack and the conditions governing their use use, were: a 


—Center followed by enlargement (shown in Fig. 19). . This 

-was the basic method in the Cascade Tunnel plans. However, it 
2 a ex only produces the best results where the ground is such that a full 

geetion of the tunnel will stand without timbering, 
om die _ Center heading, followed by top heading and bench (shown in Fig. 

if 20). This method was used in ground where, after driving the 
ies center heading, it became apparent that the full tunnel section 


stand without timbering. | 
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heading and bench (shown in Fig. 21). This method is the 
so-called “American Method” and was used in 


—Wall- drifts, followed heeding and bench in 


Fig. 22). “This is a modification of the "method described under 
a 


Method 3 ‘and was used zi ia too soft to stand for a full top 
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Fia. OF ENLARGING TO FULL TUNNEL FROM ‘HEADING 
wal ‘FOLLOWED By Top HEADING AND BENCH. 


enter top » heading a and | wall-plate drifts simultaneously, followed 
_ full top heading and bench (shown in Fig. 28). This is the GA 
so-called “Crown Bar Method” and was used for penetrating the 
old slide material at the west end of the Cascade Tunnel. 
Bottom heading followed by raises and top heading, the wings being © 
i removed by shovel (shown in Fig. 24). This is a method very *: 
- gimilar to that under which the original No. 1 Tunnel of ery 
_ Simplon was driven, and was made use of in the Cascade Tunnel 
in order to expedite completion by introducing hand-tunneling 
we operations through several of the cross-cuts after the pioneer was 
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—DIAGRAM SHOWING ToP HEADING AND BENCH MeTHoD OF ‘DrIvine ULL 
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" 22. —D1acram SHOWING MeTHOD OF ENLARGING TO FULL TUNNEL BY MEANS eg wa 


PLATE DRIFTS BY Top HEADING AND BENCH. 
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METHOD OF ENLARGING THE FULL TUNNEL 


_ HEADING AND WALL-PLATE DRIFTS. 
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it 


a ‘IG. (24 .—DIAGRAM SHOWING METHOD oF ENLARGING To FULL TUNNEL FROM BOTTOM CENTER ope 
a BY Top HEADING AND RAISES. 


re! 
Full tunnel face (shown in Fig. 25). This is a method seldom used | 
in tunneling, but was adopted in ‘the Cascade Tunnel in order to 7 
expedite completion by providing additional mechanical loading 
places, reached through cross-cuts from the pioneer drift in 
= advance of the main enlargement operation. The procedure is to 


shoot 1 A first and 1B immediately independent 


Fig. 25. SHOWING METHOD DRIVING FULL TUNNEL FACE. 
Wh laying out the plan of Oper ations the ‘problem of water to 
was giv en car eful consideration along the following lines: 
rag ‘The tunnel was located through the Cascade Range in an area of 
high precipitation, cut by many sturdy mountain streams and 
: 6% containing many springs, several of which in the near vicinity — 
were warm. It was, therefore, almost certain that water in large Wl 
but unknown quantities would be encountered. = 


(B) The tunnel grade was: all in one down hill from the east 


(C) Water in any quantity would slow. up the operation, but in large 
rsh ay quantities (from 3000 to 5000 gal. per min.) would probably | 
ae iva cause the abandonment of an operation being carried out down 
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¥ (Dy) The ‘continuity of the down-hill operations from the east portal 
from the Mill Creek shaft was uncertain. 
aHias If abandonment of the down-hill operations was forced by the 
inflow of water, the tunnel could probably be completed i in three > 

years months (as indicated by the time- distance ch 


fest Portal Creek Shaft 


26. —TimE eae CHART SHOWING PROBABLE PROGRESS BASED ON UPGRADE OPERATION | 


_ The Mill Creek shaft was originally equipped with pumps having a capac- 
2 gal. ‘per min., w ith the ‘idea that before this capacity was reached 


per min. and this was. successfully handled without flooding the entire work, 
although on several occasions hs became necessary to flood the main tunnel 
order to protect. the ] pioneer. The maximum flow from a single point 
ia ag discharge in 1 the operations west of Mill Creek was 800 0 gal. per min. T This 


“flow, w, added to the other water then being g handled, threatened to flood ‘the | 


s 


Gallons per Minut 


work, but was _ shut off by : a concrete bulkhead and developed against the bulk- 
head a pressure of 100 Ib. per sq. in. _ The bulkhead was fitted with an ‘outlet 
pe and valve and the water behind bulkhead “was gradually drained to 
the pumps at a rate they could handle. ms curve showing the ‘cmaie water dis- 


charge from the Mill Creek shaft is given in Fig. 27 


Flow in Thousands of 


iy 


Fortunately, the: worst water conditions were ‘encountered in 


__ being driven uphill £ from the west portal where the water could flow out by 
a gravity and where a maximum discharge of 10300 gal. per min. . was developed. 
: ‘Practically all the water encountered was ground- water filling fissures in the 


These fissures v were of all ‘sizes—from hair- cracks | to 0 6 or in. 


all thes 


encountered ; a radical ‘decrease in the flow in next few 
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hours), 1 with gradual 1 decrease over weeks and months » at times 


Aug. Sept. Oct. Nov. Dec, 
1907 4 
—CHART SHOWING OF hag IN PER MINUTE PUMPED AT MILL 
a ery high pr 
never measured for a 12-ft. drill steel, 14 in. in ‘diame 
"ter, when released from the drill, was pete out of the hole by 1 the water — 


x pressure, the steel ‘passing back over xr the drill ¢ carriage and | injuring a — 


_who was about 15 ft. back from the face. 
.y aa ‘The x maximum flow from a single point of discharge in the west portal Pa 
operations w was 5000 gal. per min., , but this dropped rapidly within 24 hours. a 


curve showing the total water west portal | operations is 
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io’ their worst and Fig. 31 aan one of the yi flows in this is emo 
operation. For a tunnel expected to take care of large quantities 
of water, a plan shown in Fig. 32 has been developed and is now 
in use in driving the Mahr Drainage Tunne 1, 6 miles long, for 
—The pioneer is shown in Fig. 29 as level with the center heading. 
= This location is simple and to be preferred when considered with 
he to driving the center heading, but does not lend itself 


i 
the future drainage of the main tunnel. In 


32 


ay, 


me 


PIONEER DRIFT 
Double Track 

CENTER HEADING 

29.—DIAGRAM AND TO 


a 


= and that about 20 000. cu 

the full tunnel section reasonably clear. These values were. in pre 
paring: the ventilation la ayout and proved to be ample. he general opinion 
of the men, some of whom had worked in nearly every recent underground 
operation in ‘the | United States, was that the Cascade Tunnel w of the 


ke The 1 most difficult ventilation problem oceurred in the oper ations carried es 


from the west portal, which were | planned tog go 3. 5 miles underground ‘and 


— 
— | | 
— | 
After deciding upon a gene is the tunnel plant, the most ident toa 
legree upon the plan of operations one “experience had shown 
large deg ls driven bef« 
Tn the case of other tur 


EI RAILWAY 


EL NEAR THE SCENIC END, WEST PoRTAL. 


Fic. 31.—WATER IN MILL CREEK PIONEER TUNNEL, 
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‘The plan adopted at the west portal was, to bulkhead the pioneer an and ilies 
into ‘it with low-pressure fans in volumes ranging from 20 000 30 
 @ cu. ‘ft. per min., the air passing through the pioneer to some advanced cross- 
cut where a elivond was to be erected, diverting the air current through the 


ross-cut into the main tunnel and thence out to the portal. The cross-ct -cuts 


4 


between the portal, and the advanced bulkhead i in the pioneer were to be eae 


b 


5 


pWater Line 


—_ 


Bents 4’0 Centers 7  Bents 5/0" Cent 

CTION SHOWING "SECTION SHOWING _ 


J 


a -pres sure 


fan, , eapable of T2000 cu. ft. per min. a ‘static head of 20 
to 30 in. of water, taking air from the primary ventilation current and deliv- 


ering it through a 20- in. ., 18- gauge, riveted and soldered ventilating pipe to _ 


the various advance heading operations, at the rate of about 4000 cu. ft. per 
min. for each working place. Furthermore, at the advance bulkhead an an equal- 


izing fan was ‘to be installed pass the returning air through the bulkhead 


back into the primary ventilating current. This plan is is shown diagrammati- 


cally in Fig. 33 nerd worked perfectly, with the following nee: pine 
ae 1 (a) The use of an advance bulkhead and the equalizing fan was found 
= 


unnecessary. The primary ventilating current “was simply 
a allowed to find its way through the only cross- -cut remaining — 
is. fe open from the pioneer to the main tunnel and the high- pressure 
_ fan was set at this cross-cut, drawing fresh air from the primary 
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current at a point portal-ward from ‘the cross- -cut, the returning 
t bia 93 air finding its way back into the primary current. | 
—(b) The high-pressure fans that were available, while delivering their pes 
rated capacities against the rated static heads, were too 
constructed for the service and required heavy repairs. This is 


detail, however, that can easily be corrected by the fan manu- 


He 
facturers in future installations of this character. Poort onl aaa | Bes 
At the operations east and west from the Mill Creek shaft common pressure — Tt = 
° 
blowers forced air from the surface through 20-in. pipe, passing down the pipe B= 
ray 
of the shaft and thence to the working places, the returning air finding 
its way back and up the shaft. T [his method is 
At the east portal, while” the center heading was being driven, similar 
pressure: blowers used, but after the center heading had been n holed 8 
: through, between the east portal and the Mill Creek Shaft, dependence for a_ Fy 
short period y was placed on natural ventilation. — This was found to be entirely ee. 
the air current on account of changes i in atmospheric conditions, which reversed 
air current w ithout ws warning. Toor overcome this the center ‘Bie 

pice oy 10 000 Cubic Feet per Minute 2nd Shaft Downeast 30 000 Cubic Feet Fig. 
per Minute for ‘Entargement from East 


Mill “Creek Shaft 
"Bulkhead 


Bulkhead 


2 AML ventilating pipes were 20-1 -in., 18- -gauge, galvanized, with riveted and 


ae 3 


seams, the  Tength being connected by a special joint, as shown 
in Fi ig. 35, , while for changing the air current from blowing to suction, Tevers 


ing gates, as shown in Fig. 86, were used. i 


ned 


pon a plan 


n of a attack and a | method of ventilation 


In the case of the 


to carry on the work. 

Cascade Tunnel, it was ‘estimated that the maximum “forte ‘would be « approxi- 
1500 ‘men. The ‘actual maximum number mber was 17 1 


_ The site of the tunnel is ‘situated geographically i ina mountainous: region. 
‘The old main line of the Great Northern. Railway lies in close proximity to 


43 the east portal and is about a mile from the west portal ; and there is a high- 


way over ‘the summit from Seenie to to Berne, impassable | on account: of snow 


to construct camps and service buildings, | together with living quarter 


& 
— 
7 
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essary TENE 
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for married employees, at all points of It was. con- 


was 


struct a road, about 3 miles long, from Berne on the main line of the rail- 


One-Piece Collar 


Radiu 


1-0 


be glued on inside and 


te ON VENTILATION SYSTEM, CAscaDE TUNNEL, 


The difficulty of constructing these camps and the road will be | appreciated 
from the statement that timber standing, in some instances, 50000 ft. be ‘m. 


to the acre had to be cleared and. disposed of before the work could 


= 37 is a view of a portion of the west portal camp and shows the stand of 


timber ‘clearly. ‘Fig. 88 shows the « camp and family quarters, at Berne. 


Type High Pressure Exhauster 


to be of No. 18 


Three Sets of Pipe as 
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CASCADE TUNNEL, GREAT NORTHERN RAILWAY 
: - The buildings in all the camps were erected 6 to 10 ft. above the any | 


and connected with sidewalks for ‘two: reasons : (1) To avoid the tremendous 

expense se of grubbing the natural surface; and (2) to aid in the disposal of snow 
7 _ which, in the vicinity of the tunnel, varies from 2 to 14 ft. in depth. its ie ‘ 

Each camp was change houses, or | “drys”, equipped with 
steel lockers and shower baths, adjacent to the underground openings, 

also with wash- houses « and toilets conveniently spaced. The camps were all 


provided with running water for domestic u use and fire protection, and with 


in addition, there buiaings devoted to the use of the men for reading, 


“use of married employees, in proximity to these buildings, a 


and | school teachers’ dwelling. Each camp was” provided first-¢ aid sta- 
tions and an emergency hospital, presided over ‘by a resident Fig. 39 


‘ion is 


of “was no power available at the 


of the tunnel, and it ‘was commence all operations with 


portable g gasoline-driven air compressors 2 and lighting plants, pending a study 
4 of the power situation. | This study developed that, in al few weeks, the Great 

Northern Railway Company could furnish sufficient power from its Tumwater 
— electric. plant, about 25 miles east of Berne, to carry the entire load of 
east portal a: and Mill Creek operations at least during the first year, and 
that in the course of 8 or 9 months an adequate supply of power could be 
ae + ‘secured from the Puget Sound Power and Light Company for the west portal 


‘ operations—this ‘supply to be eventually carried over . the summit t and ‘augment 


that secured from Tumwater. lil 


- A In view of the long time that would elapse before ‘power could be deliv ered 
at the “west portal, it was determined to install a 1 200-h.p. Diesel “engine 
ae _ driven generating plant, producing 2 2 800-volt, : 3- phase, 60-cycle current, to cary 


- the west portal operations until power from the Power and Light t Company was 


~ available. It was also determined to install at the Mill Cre ek shaft a 720- hp. 


Diesel engine driven generating g plant as a stand- -by unit, to to furnish power 
; the shaft pumps at any time when the transmission line might be out of| 


| few during the period of ‘maximum from the Mil 
_ Creek shaft, the Power and Light Company’s transmission line was out of 
On occasions all tunnel operations were shut down, and the 

output of the carried over the bil, to supplement the Mil 


— 
q 
— 
a a and the cook camps had electrically driven refrigerator plants for the proper - 
a care of food. Each camp was provided with a recreation building where 
a: 


OF ConTRACTOR’ s Camp AT WEST PoRTAL, SCENIC, WASH., 


deliv ere 


hal 


ebruary, 1931 CASCADE TUNNEL, GREAT NORTHERN “RAILWAY 


ting 


| 

| - ~ itt ‘ ig 


al 


LAYOUT ROSS SECTION OF COVERED WALK 
Fic. 39. —D1aGRraM SHOWING GENERAL TyPE OF CAMP CONSTRUCTION, CASCADE TUNNEL. — 


a 


Open Porch | 


ole 


= 


a 
— 
q — 
a 
— 


Creek plant and thus carry the pumps in the Mill Creek shaft. power 
: _ was either transformed to to or produced ; at 2300 volts and utilized at that voltage * 


di at 27 


- All drifting operations were equipped ton, 24-1 in. gauge, trolley 
- locomotives es, ‘supplied with gathering reels, holding 500 ft. of cable. i ‘The m main 
tunnel operations were equipped with 20- -ton, 36-in. - gauge, trolley es, 


also supplied with ‘gathering reels holding 500 ft. of cable. 
Ih addition, each working opening ‘was equipped with « one | ton combined 
“trolley and storage- -battery locomotive, | , which was kept on outside work, in 
order to be available for rescue purposes at any time the trolley line was out 
oof service. All 2- ft. gauge were laid with -Ib. rail and 3-ft. gauge 


G ov AN 

Compressors 

Compressed air was vas furnished for all operations by two- “stage Compressors, 
driven’ by direct- connected 3- -phase, 60-cycle, 2 300-volt syn motors, 


compressor capacity being as as follows: 


Portal: Three 18 by 11 by 14 compressors: 
5 27 gas Total | actual free air per minute, in cubic feet. . 

Mill Creek Shaft: Four 18 by 11 by 14 compressors: 
: Total actual free air per minute, in cubic feet.. 
- West Portal: Five 18 by 11 by 14 compressors: 


Qo Total actual free air per minute, in cubic feet. 


chr 


shops were established each camp and a 
machine and repair shop for ' the entire work was located at the west portal. » 

The furnaces, both forging and tempering, in all steel- sharpening 

shops. were | with automotic-control pyrometers, : and the ‘blacksmiths 
4 were 1 not permitted to use their judgment as. to forging o or tempering tempera- 


tures. ‘This control of drill steel- temperatures resulted in a 
mie 
ow record of drill ‘steel br n illustration of which is 


practice « of automatic- of temperature rigid 
_ instructions as to practice, was » very difficult to enforce, a: as the blacksmiths 


shown in 1 Table 7. 


; were inclined to follow their own ‘ideas. An example of one 2 of these cases is 
shown in Fig. 42. ~The blacksmith decided to heat only. the extreme ends of 
drill shanks with the result that b breakage increased | as “shown. - In the period, 
October 15 ‘to December 3 3, inclusive, 67 045 drills” were sharpened, and the 


aber during the same time was 1 672. The total average 
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Dec. 1,2,38 


per Sq. In to115 tbs. perSq.in, ke 
4 Fic. 42 -—GRaPHIc RECORD OF BROKEN DRILL STEEL AT WEST PORTAL OPERATIONS, 
SLIGHT DEPARTURE FROM PRESCRIBED METHODS. 


Drill hauled into the working places i in special cars provided 
ers compartments, as shown in Fi g. 43, and a full supply of. steel for | one — 
‘ round was loaded i in one car, taken in, used, and brought back to the steel 


shop for refitting. “(For details of drill sharpening see Appendix A. 33 


-—Recorp OF BROKEN Steer AT Mu. L CREEK SHAFT OPERATION, 


EW CASCADE TUNNEL, SHOWING REsutts Bre ‘OBTAINED WITH 


PRECISE REGULATION oF Forcina TEMPER ATURES 


November, 1926. 166 


‘ 66 0.58 


7 


76 


Drilling in the various operations was done by 
duced by several different manufacturers. . Great credit is due the American > a 


manufacturers of rock drills, who have produced what i is perhaps, when con- 
sidered from_ all angles, the: most effective machine known present- day 
construction. Fig. 44 is a view, of drilling operations. Typical drilling and 
loading diagrams, which are largely ‘self- explanatory, are shown in Fig. 45. on me 


The next item of importance tunneling: operations, after drilling, i is” 


‘proper | explosive. In the Cascade Tunnel gelatine dynamite varying from > ‘ 
to 80% was used, in total of 4197 877 ‘Ib. In the 


an average of 
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mite per cu. yd. ‘Iti is worthy y of note, in this | connection, 1, that t this large 


quantity: of high explosiv ve was handled without a ‘single fatality. 
All explosives were carried into the tunnel in rubber-lined and 


powder cars, a ill istrated to in Fig. 46. All primers were prepared by 


working i in isolated powd thawing and make- up on the outside 


the heating stoves dene. tea compartmen 


es of the restricted space available the work of removing broken rock 


(commonly called “ ‘mucking”) is the most difficult 0 operation to equip pans 4 


with mechanical appliances. ith ‘modern rock ‘drills and explosives, 


difficulty need be expected with breaking the ground, but under present con- 


ditions hand labor - for ¢ “mucking” ona long tunnel is not to be considered and 


loading machines that will work within the cross- -section areas: of drifts and — 


full- sized ‘railway tunnels are highly ‘specialized machines, 


= “mucking” in drifts was done by machines, such as ‘illustrated i in Figs. 7 
48 and 49. best record of ar machine of this is the of 32 


was rebuilt way- -type shovels 
wae by sald air. The longitudinal and cross-sections of the general 


arrangement of these “shovels are shown in Fig. 50. ‘These were originally” 


‘steam shovels mounted on ‘two. 4-wheel railroad “trucks, which were cremate | 
and replaced with caterpillar tr treads, Their boilers were removed and replaced 


‘ The shovel engines v were of the slide~ valve type” and in order t to prevent, 
- freezing at the exhaust, the air receivers were equipped with eighteen direct- 


: -—_curent 220- volt, ennidnitins heating units connected at 100 volts to prevent 
destruction by overheating. Each receiver \ was also equipped with an 


operator, seguilien with a switch that bili the heating elements, i in order 


that the temperature could be kept within practical limits. = yet 


_ - The success of all mucking operations in tunnels and drifts depends upon 


a the speed with which cars can be switched behind the mucking machine. In the 


Caseade Tunnel the switching was accomplished by transferring the empty 
cars from one track to another with car transfer hoists. On the “model of 
the main tunnel these car transfer hoists s were constructed on 


plan diagrammatically. in Fie. For use drifts 


machines (Fig. were used, special car transfer hoists, running 


their own “were ed and built. ‘The design of these « car trans 
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Sis 
2 
0, 0,04 0407.0 
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Average Total Length of Holes 237 Feet 


Average Loading | 259 of ‘60% Dynamite 


MILL CREEK SHAFT 
~ hi Average TotalLength of Holes 143 Feet fee: 
Average Loading 150 Pounds of 60% 


TYE RIVER INCLINE 


Average Total Length of Holes 313 Feet a p 7 
Average Loading 265 of 60% ‘Dynamite 
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hoists is shown in Fig. and the switching layout is shown in plan 


The cars: used for conve muck from the shovel in the main tunnel 


were of 6 cu. yd. capacity and 3- -ft. track gauge (see Fig. 64). The cars used 


in the drifting operations for serving the mucking machines were 0 of 50 cu. ft. 


vapacity and 2 -ft. track gauge (see Fig. 55). Both types of “cars 
the largest th that ‘could be u sed in their give 
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Fic. 47. AND CROSS-SECTIONS OF POWDER THAWING AND MAKE-UP 


he like a of pipe sities i compressed air aks water 1 is one of the lesser 


— in tunnel operations, but | still one of ey apa magnitude, as 


tion of drifting and enlarging the tunnel. 


7 
“decided to use so-called ‘ “gas line” “pir 
diameter. This pipe is lighter than ‘standard -iron pipe 


equal diameter. ‘It was connected with flexible couplings which ¥ were e very 


i aT easily a applied, did os require any threading of the pipe, and permitted each 


pipe to be laid several degrees out of line. The use of this light 
a with flexible couplings was found to be entirely successful, 
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CKING Ma MACHINE IN OPERATION IN THE PIONEER TUNNEL, ‘Typ RIVER INCLINE, 
PORTAL, ScENIC, WAS8H., May 7, 1926. 
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As the entire Cascade Tunnel operation had been laid out on the basis. of 


| securing “high speed”, the work was run on three 8-hour. shifts, and the shifts - 
were changed, in the e vernacular 0 of the tunnel man, ‘ “at the handles of the 7 


- rills”, that is, every man stayed on duty until his relief actually took his 
place on the work, and the: entire job throughout its progress worked three 
a shifts on every a, including Sundays, holidays, the Fourth of July, ‘and Re 


As the length of any t tunnel operations increases, it becomes “necessary to — 
cont all 


transfer men to and work, and ‘passenger cars consisting of flat- “cars 


x vided with a seat down sage center on which two — of men » woudl ride, 


"was accomplished ‘under rah orale conditions 
ime of blast. . 


Remove the main muck 
Remove the mucker and set the drill carriage. . : 
Time required for drilling. . 1 hr. min. 


Total time required for one cycle of operations. hr. 40 min. 
The men, equipment, and | supplies used i in this cycle were as follows 


16 men, including the shifter iad the u underground mucker | bos 
4 drills on a carriage, drilling in rock (altered granite). — 
195 Ib. of 60% gelatine to | 28 holes with an average of 


-section. 


in concrete would be required throughout its length ; this 


On account | of the character the certain: parts of the ane 


he 
Femove immediately in of the other parts we were left in 


place behind the concrete. The standard plan of is in ‘ 
standard section of the conerete lining, i in ve 


a, } - The ideal time cycle per round in the various headings is well illustrated. mee 
ae f _ by that from the west portal pioneer taken on a day when five rounds were 7 pe 
pulled and mucked in three shifts. The following tabulation of one cycle of 
4 926, represents what | 
— min, 
— 
TE 
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Before the for | the concrete lining the following 


(a) ‘The the while alll of a a granitic character, was 
(b) While there were three openings into the tunnel, namely, east 
Creek shaft, and west portal, it was impracticable 
to pour concrete from ‘Mil Creek shaft as this opening was 
4 approximately three miles from the railroad. Consequently, the 
entire concreting operations would e to be carried on from the 


2" Plank Floor 


se 


Fic. 66. —Evevart NS 

(c) As the tunnel required lining throughout and was to be completed 
in approximately three years the concrete plant must be designed 

tely th th te plant must be d 


7 


pinifep _ so as to avoid interference with the main tunnel operations. we 


(d) On account of the length of the tunnel, it was probable that the 

concrete lining would form a junction approximately four miles 
from one of the portals. For this reason, it was deemed inad- 
to attempt to haul mixed concrete, the alternative being 

di a. operate mixers at the points where concrete was being a 


hauling the aggregate into the tunnel dry, 


i — (e) On account of the conduits required in both walls of the tunnel _ a 


. ee deemed necessary to pour the side walls in two lifts to aa a 


on 


With these conditions jn mind the Great Northern Railway Company 

equipped its: ballast pit at Reiter, Wash. , to produce concrete aggregate from 


. ie ‘drift, that is, natural washed sand, _ washed gravel, and crushed gravel, 


and arranged to deliver this material in standard bottom hopper railroad cars 


at the east portal and at Scenic about 13 miles west of the west t portal. 
on 


the east ‘portal the main line of the railway contiguous to 
tunnel operations: and at that point a sand bunker was 
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into which ‘the railway cars unloaded by gravity. A similar bunker 1 was con- 

‘structed for the west portal, but as the main- line railway at the west. end 
- was 14 miles from the tunnel portal the sand and gravel were rehandled — 


a3 -ft. gauge railroad t to a second bunker at the tunnel portal. - Both the sand 


and | gravel bunkers were equipped with ‘batching devices, using scale beams ; 
for waa batchers and volumetric batchers for the gravel. _ The batchers were 


discharged into batch boxes, four of which were carried on 3- ‘ft. gauge flat 


ears. Each batch box was made. with a vertical partition creating a 
ment just large enough » to hold the the required quantity of cement for one batch. 7 

‘This compartment had a metal cover designed to prevent ‘the cement, which 
dumped from bags into” the batch boxes at the batching 


coming in contact: with moisture until it actually arrived at the ‘mixer. 5 


WY, 
A I 12 x12 timber 

a 


— 


7 “a In general, the proportions of cement, sand, and gravel, used i in the lining 


4, but these proportions were varied | from time to time by the 


to “meet the varying characteristics of the aggregate. Practically 


all concrete had varying percentages of diatomaceous material added to 
_ improve its flowing qualities and the water-tightness of the lining. aa ros 


» 


a traveling steel form was designed* which permitted p pouring of the side” 
walls in two lifts and which completed S74 ft. of tunnel at each move. The 


travelers for this form carried (in addition ‘to the forms) hoisting apparatus, 
‘a 14-cu. ft. concrete mixer and air - placer, together with various chutes and 
elevators, and permitted pouring of ‘the lining up to the springing line of the 


arch by gravity, | the arch itself being placed pneumatically. ts Cross- section 


drawings of these forms and their travelers are shown i in ‘Fig. 


Eight form travelers with their necessary equipment ¥ were used, three being 


4 from the west portal and five from the east portal. ait 
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In laying» out the schedule for lining it was ‘assumed that the 
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- forms ; should remain ir in ‘place for 48 hours after pouring the last concrete in 


‘them. As the work progressed, this gr adually shortened until move-_ 
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ments of forms were “made in 12 hours 


in that particular. section. On “however, forms were 
struck i in 10 hours and the records sh show the shortest time in which a form was 
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bee 8 hours after the final placing of 


instance was there any evidence of damage to the concrete. For a 

> 

discussion. of air placing of concrete in the arch ring, see Appendix B. pal* spe 
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OASCADE TUNNEL, GREAT NORTHERN RAILWAY 


proceeding wi h the Cascade Tunnel a study made of the 
possible rock ‘temperatures that might be encountered, using the very highest 

(2° Fahr. for each 
hundred feet ¢ of depth). This indicated that the temperature 
likely to be encountered would not exceed 115 degrees. The actual rock 
perature encountered was 5 degrees. Curves showing the original study 


the actual rock temperatures are given nin F ig. 60. 
The degree of initial heating and rate of cooling of concrete 


TABLE 8. —TAnULATED ss Durine 195 Scenic, 


Scenic, 
Scenie, 


Mill Or 


Mill Cr 


nel.. 


Mill Cr 


September 


4 


_ Scenic, Tye River incline 

Scenic, top center heading...... 

Scenic, full top heading 

Scenic, center heading 

to full 

Berne, center heading 335| 476 | 4 7 6 
Berne, enlargement to full tunnel 42) 62) 


Mill Creek, shaft 61 10642 
‘Mill Creek, center heading, east.|.. . 
Mill Creek, enlargement to full 
Creek, pioneer tunnel 


‘le 


Vrs 


r 


1 

7 


November 


Septembe 


Maret 


cenic, pioneer tunnel... |819 477| 273 556 
Scenic, full top heading. .|179 
Scenic, center heading. . -|992 
full tunnelt 532 
Berne, center heading....|865 | 8 93). 
Mill Creek, center head- 
ing, east. .... 79 
Mill Creek, enlargement 
full tunnel, west}... ./220 548 696 
Mill Creek, pioneer tunnel.| 1745 | 762 607| 625 
624) 405) 796 526 
concrete lining... | |) 945/1 163\1 16144 
Berne, concrete | | 85642/1 0244 25 |1 500 {1 500 
ia! 
*Represents totalof pioneertunnelandincline, atk sia 
+ Includes enlargement at Nos. 5 and 18. 


sn 69 ft. om of shaft. 


+} 
40 | 226 | 100 | 424] 458} 485] 63] 512) 1 157) 952\8 275 
: 
> 
seal 
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cons 
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— Cre 


ABULATED PROGRES! NG 


+e 


Al 


December 


Februar 


Scenic, center heading.. 517, 
Scenic, bottom heading. .. BK. 14 100 | 68 
tunnel 476) 66 878 
Mill Creek, enlargement; | 
to full tunnel, west||.. 512 2 480. 368 438 
Mill Creek, pioneer tun-| 


Mill Creek, 

Mill Creek, bottom head- 

ing 2 
Scenic, concrete lining.. | 976|1 311 (16 
Berne, concrete lining... 2 2 101 21741 124 1 6874 \22 


i - ¢Includes enlargement at Nos. 10, 10B, 11, 12, 124, and 12B, and an allowance of 60 ft. for top-heading 


69 ft. east of shaft and enlargement at Nos. 14 and ax. 


; - In Figs. 62 and 63. are > shown the total man- -days as ‘compared with ¢ cubic 
yards of excavation Tithe cubic yards of conerete, respec 


= 


‘The. Contractors were instructed to proceed the 
/ Cascade Tunnel on n Thanksgiving Day, November 26, 1925 Clearing and the —. 
construction of camps | commenced immediately and had advanced 80 80 far 


on that date. The approach cu cut the center at 
the east portal was started som: he of Mill 
Creek shaft on January 30, 1926. 


TABLE 8.—(Continued) 
= “o. | 187 ¢ 
00 
7 
104 
659 
| IME IT = 
10 151 
3145 
3} 5 141 
6 198 
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Man Days © 


-Man-Days per Cubic Yard 
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c Yards, 


f Cubi 


Thousands o 


sic Yar 


Man-Days perCubi 


Concrete, Man 


ubic Yards of 
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TABLE —Wacrs Conrractor THE 8- 8-Mize Cascape 


Accountant, Camp.. OF $175 and board* 


Blacksmith helper. . ...$0.55 or $0.60 


Bull Cook $70 and board 


$100, or $125 and board 
$125, or $200 and — 


Deputy Sheriff $150 and board 


-$150 board 


$0.80 71 OF £. 
Driller, $0.65 


Drill doctor.... $0.80 
Drill sharpener $0.80 


Fireman 


Foreman, and board F 
Foreman, Labor cert 


hen . - $65, or $7 
Inspector, Safety (Headquarters). --$200 and board | 


Powder Fitter -80 
Rigger 
Storekeeper, General (Headquarters) . $150, or $175 and board 
Storekeeper, Assistant (Headquarters) $100, or $125 and board 


Teamster $75 board i 


Tractor Operator, 2-Ton.... $125 and board hy Gf 
‘Tractor Operator, 10-Ton.. $150 and board 
(rented) 
$60 and board 
$45 and board 


Board and sleeping accommodation == $1.35 per day. Men receiving rates, 
—. were paid an allowance of $25 per month when boarding at home. _ 


This classification expired April 30,1926. 
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BRN RAILWAY 


The center the cast portal and Mill “Oreck shaft, was 
j holed through 1] 1 March 4, 1 1927, eighty-eight days ahead of schedule. The elapsed 
“time ¢ on this operation ¥ was 430 days, during which 2 733 ft. of 10 by 10- ft. 7 
drift was excavated from two faces at an average rate of 14.8 ft. per d aad at each 
a face, attaining a maximum month’ 8 progress at one face of 954 a a 
The pioneer tunnel betw ween the west p portal and Mill Greek shaft was 
7 ho oled through May 1, 1928, the final shot | t being fired | from Washington, I D. ‘©, 
President t Coolidge. This « operation was completed fifteen days ahead of 
hedule in an an elapsed time of 867 days, during which 28 268 ft. of 8 by 9- ft. 
rift was driven from two faces, together y with | 21 cross- -cuts, each 100 ft. long, < 
or a total length ‘of 30 368 ft., at an average rate of 17.5 ft. per day at each face, 


a maximum month’ 8 progress at one f face of 1157 qina’ 


an 


pee 150 days ahead of schedule in an ese time of 452 days, during which 


: 12 733 ft. of tunnel was enlarged to full section from one face, at an average 
rate per day of 28.2 attaining maximum month’s: progress at one face of 


The enlargement between the west portal and Mill. Creek shaft was com-_ 
pleted Decen mber 8, 1929, eight days behind schedule, thus completing the 
7 excavation for the Cascade Tunnel, from which was removed 994 178 cu. yd. 


“ai ‘Conerete lining was commenced from the e west portal, April 27, 1927, and 
-t from the: east portal, July 22, 1927, and was completed December r 24, 1928, 
after the the excavation. The entire length the 


. The total quantity 6f con- 
erete placed in lining the tunnel was (275 218 eu. yd. 
‘Track-laying and ballasting were commenced 25, 1928, and the 
- = scheduled train ran through the tunnel from east to west on January 12, cll 
3 years and 47 days after the Contractors: had been instructed to proceed | 


hig 


with the work, From the date of instructions to proceed, to the date of the 


first scheduled train, the Cascade Tunnel v was completed at an average rate 


. _ The opening of the tunnel was attended by a _ notable group of statesmen, — 
railway executives, and engineers. To commemorate the occasion a remarkable 
broadcasting hook-v -up was” through thirty- two “stations, aver” 
which speeches were made by President ‘Hoover, from Washington; W. Ae 
Atterbury, M. Am. Soe. C. E., President of the Pennsylvania Railroad, 
New York; and J. B. Campbell, of the Interstate | Commerce Commission, from 
When the first passenger train entered the tunnel the fact was 
announced by: Ralph Budd, M. Am. So c. O. E., President of the Great Northen 
Railway Company, speaking from the train | itself. Thus was placed in Service 
the longest railroad tunnel i in the » Hemiapbere ond the fifth 
‘railroad tunnel in 
ae 
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February, 1 1981 CASCADE TUNNEL, GREAT NORTHERN RAILWAY 
ENDIXA 
STEEL ‘SHARPENING PRACTISE AT WEST ‘PORTAL, 


the 36-1 -in. gauge ‘track serving the main tunnel. 24-5 -in. gauge 


leading from a switch i in the p pioneer track extended ‘completely through 


‘same building. “The shop room, a, 32 ‘ft. w ide and 60 ft. long, was arranged with 


1 


a view to minimizing t the labor of handling steel in and pang of the pbuilding 
and, at the | same time, to give ample room for storage of bar stock and of — 


equipment consisted d of the following (see Figs. 64 and 65) 


i 


‘Three oil furnaces, with pyrometer control, ther mo- couplers, 
3 000- ‘gal. . steel oil- -storage tank (elevated). 
0 
= 


a One 3 by 2 by 4 duplex pump (for handling fuel oil from tank car to 


Pie Storage racks for made-up steel. 
Storage racks for bar stock (under shop). 
Two quenching tanks (wood) for water (bits). 


a quenching tank (steel) for oil (shanks). pai 


Bars. —Bars of in. round, hollow steel, containing 0.78 to 0. 85% 


of carbon, in lengths ‘averaging 22 ft., were used for all. primary drilling. 


z 1- -in. hexagon steel of the same carbon « content was: used for stoper and 


-hammer steel. Bars were cut into the desired lengths by nicking them 


g opposite sides 1 wih a track chisel or cold cut. Then they were laid ——< 


* hub of an old 6- yd. ‘cary wheel and struck a smart blow with. a 16-lb. hammer. Bae : 


Ragged ends of the bars on the shank end were then ground down to a square © 
Fae Tempering New Bits and Shanks. —For forging shanks the ae 
pyrometer control was set at from 1 900° t to 2 000° Fahr. About thirty bars of 
* same length were placed in the furnace and slowly brought to this tem- a 
perature. Especial care was: taken to a’ avoid “soaking” the steel at high 
Only | two or three steels were allowed to reach forging tem- 
perature at the same time, ‘as oxidation takes place rapidly 1 


q 1 600° F Fahr., with v very harmful effects on ‘the | steel. 


Supt, A. Guthrie & Co., Inc., Ore... 
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: Sua bars were heated they were re removed from t the end of the co 
‘bastion chamber farthest from the burner, placed i in the 1e sharpening n 
and upset | sufficiently to give a bulb of metal large enough to form the shanks. | 
‘The act ual took place ‘at temper atures 1 800° ‘and 


‘s Fahr. The steel must not be w orked below a cherry red heat. ees ear 


hen the entire lot of bars had been ‘bulked” they” were replace ed in the 


furnace and heated as before. ~The bulb “die w was removed from the sharpene ner 


and the shanking die substituted, after which the bulbs were a to exact . 
shank ‘dimer nsions. The same methods and precautions were » used for ‘this 
fre 


After the shanks were forged they were allowed cool to well below 
cS black heat. | T hey: were then reheated in the furnace with the py rometer control 


‘set at 1600° Fahr. and the he: arth: opening as wide as possible. The entire 
& shank up to a point at least 2 in. beyond the lugs was brought to a temperature 


of 1 500° F ahr., , tested on the magnetic indice: ator to prove they had been. heated 
pas st the point of deealesence, and que nched in the oil bath. ‘okt 


Bits were forge red in exactly, the manner ‘except for the ‘substitution 
appropriate dies and dollies. The process of hardening the bits differed 
from: the treatment of th 


( 


line 


e shanks only” in a slightly lower _ 


attained a a ‘temperature of about 1450° Fabs, were ‘quenched i in 


i. Reconditioning Steel. —Ay round of steel, as as it was returned from the tunnel 
4 to the shop for re- -sharpening, consisted | of from 24 to 36 sets of steel, varying * 


in length by 2 ft., from 3 ft. to 13 ft. long, or 144 to 216 bars. These were re 


az both for broken bits and shanks , and if any | were found, they were 


aside e for measurement and for cutting down to shorter lengths. Bent 
steal was similarly taken from the car for straightening. — _ The remainder of the 


—carload | was placed on two ‘platform trucks, each length being separated by 
wooden strips placed between layers. » » The trucks» were wheeled to Nos. 1 and 3 
urnaces and sharpened. As steels were sharpened they were replaced on 
‘ empty trucks and, subsequently, taken to . 2 Furnace, reheated, and tem- 
pered. truck loads of reconditioned steel accumulated, ‘they were wheeled 


— to the storage racks: to await loading « on the steel cars for further use under-— oT 


drill a limited life can expected to begin breaking 


rapidly as the ‘life limit is approached, it is imperative, in order to. avoid 


concentrated breakage, that new steel be introduced into the stock regularly. a 

5 Consequently, it was the practice to make up a small number of new drills | 

in the longer lengths each day. Breakage, parti icularly shank breakage, , is 

‘more pronounced in the longer lengths in steel of the same age, This is. 


eaused by the more serious effect. of ‘machines: being out of line when ‘using 


Bs & longer steel. In the comparatively easy drilling rock in the Cascade Tunnel | 


little bit breakage was experienced. As crystallization almost always 


_ occurred immediately at | or below the shanks long before much change took 
7 _ place i in the structure of the si steel forming the body of the bar, the longer one * 


were cut down as they broke at the shank, to the next shorter length. — Con- 
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oe as time went on large quantities of the shorter lengths accumulated, 
particularly starters and 5- -ft. steels. By the time a steel had been cncooe 
fully cut down from 11 or 18 ft. to 5 or 3 ft., most of its useful life was gone 
‘Consequently, actual breakage i in the shorter lengths was greatest. ‘ee yeot 
Where automatic heat control is used, as ‘it was on the Cascade ' Tunnel, 
only two causes contribute greatly to premature e breakage of steel. 4 The first of 
these is the action of machines running out of line. Breakage from this cause 
be attributed to faulty shop practice, and the remedy for i it lies solely 
in the hands of those responsible for the operation of the drills. 
4 cause is: is due to using a drill with a pitted | hammer face, or a face SO badly 


worn down as to permit part or all of the hammer blow to be taken up by the 


An ‘examination ‘readily shows when this condition is 
"present, and it is the function of the steel shop to ‘remedy it by y reshanking. | ‘, - 
Selection of Personnel.—Experience at the the Cascade Tunnel indicates ‘that 
the old-time blacksmith or steel sharpener is often thoroughly saturated with 
‘srm-out theories and prejudice against any method or theory other than the 
. one in which he believes. « Consequently, it was found better to break i in young, 
intelligent men with sufficient educational background to enable them to 


nderstand the th 


By H. J. Kine, M. Am. Soc. 


| -Deserip 


the Cascade Tunnel Figs. 66 and essentially of a hori- 


zontal steel cylinder, provided with a1 an -air- “-operated drop door through which 
the ‘machine is charged, and an outlet « opening recessed below the bottom of the 


forward end of the cylinder connected by means of flanges to the discharge 


Tine. A steel worm keyed to a heavy shaft i is mounted i in bearings i in the ends " 
of the eylinder at a sufficient height. to permit ‘the edge of the worm barely 


to clear the steel liner which protects t the bottom side. of the cylinder from 


"abrasion. The worm is driven by a small motor ‘mounted 3 near the rear (or 
operator’ s) end, the ‘speed being regulated by a a train of gears in an oil-filled 


transmission case. between the motor and the cylinder. ~The air inlet is situ- 

ated at the rear end of the machine between the worm- -bearing and the floor 
of ‘the cylinder. small ¢ air cylinder ‘the. charging door, and the con- =) 4 


trol of air supply to ‘the cylinder is effected by a quick- -acting valve which, 7 ae . 
together with control, is mounted at. the en nd of the 


A. Guthrie & Co. Inc., Portland, Ore. 
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CASCADE ‘TUNNEL, ‘GREAT NORTHERN RAILWAY 


-Operation—First, the charging door is opened by the application of air 
‘to the door -eylinder, and the proper - volume of previously ‘mixed concrete is 
allowed to flow into the cylinder. Before shutting the door, it is 


‘to remove e any concrete te that may adhere to the» upper side so as to prevent the 


escape of air between the door and the round rubber gasket ring upon which 


‘it is seated. This is best done by tapping the main ai air supply line and 
; ‘connecting a a short length of 4-in. air hose fitted with a trigger nozzle. ey A 


quick : circular 1 motion around the edge of the door cleans it effectively with 


Tittle or no loss of time. x The door i is then closed by reversing the piston travel 
a in the cylinder. worm motor is then started. After the worm has made 


_ two or three revolutions, the air-control valve is opened. _ As the air pressure | 


builds u up inside the cylinder, the concrete is moved forward by the worm and 
is finally forced through the outlet into the. discharge | line. - No hard and fast 
rule can be set | for the length of operation of the worm beyond stating that 
“the shorter the better”. they feel the movement of concrete start in 


- the discharge line, some ° operators stop the worm for a few seconds, and then 


give it a turn or two just before shutting off the air. It should be borne in 
a. eer that the function of of the w vorm is to ‘deliver the concrete to the > discharge 

int sufficient quantity to keep the recess ‘full, thus the 


In theory, ift the concrete is delivered to the discharge recess “at exactly 


x Po: same rate at - which it is forced through the discharge line, it should move 


4 cylinder, the rate of delivery lessens, ail also that there i is a considerable loss 


~ of air through the. concrete, , the | batch tend: s to separate as it moves along the 
“4 discharge line, its velocity ‘increasing as the > dispersion becomes greater. It 


- should be thoroughly impressed | on all operators ; that they should try for mini- 
a mum dispersion and 1 that the continued feeding of air to the 2 cylinder after the 


nu 
bulk of the batch is discharged is the principal cause of wear in discharge 
“ hose, bends, and nipples. _ is the last: of the batch which, moving at a very 


high velocity, impinges | upon the w alls of line, particularly at 
the bends which causes a a large part ‘of the wear. There is | probably no class 


of construction equipment in the operation of Whisk greater dependence must 
be placed upon the ‘ feel of the: machine than this type of gun. - Minute 


differences in the quantity of water in the mix, and slight variations in degree 


of “harshness” of the aggregate, exert a profound influence on the operation ( of 
the machine; consequently, every effort should be made to provide a uniform 


mix. The addition of diatomaceous material to harsh aggregate materially helps 


in the operation of the machine, but experience in the Cascade Tunnel indi 
cated that the excessive use of this material involved a penalty in the increased 
difficulty in making the mixture “stand” i in the key of the arch. However, 
ft: ss moderate use with all but the ‘smoothest aggregates is recommend ed. > 
Provided suitable aggregate is used, with proper measures to overcome § any 
harshness, concrete can be with this machine dry enough to satisfy the 


crete in the a arch results in a a dry mix x being used bs 
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‘concrete. guns of this type, having a 6-in. outlet, the 
. aggregate should no not exceed 2 in. in greatest | dimension. If the percentage of 
fractured material is great this ; should be reduced to 13 in. Slabby pebbles 
| and thin elongated pieces” of rock are very” difficult to pass through the 
wee. and aggregate containing very many of these should be avoided. 
Fairly” well- -rounded, well-graded washed gravel should be procured if avail- 
able, even: at a considerably higher cost. The loss of time resulting from > Be 
“plugs”: ‘in the discharge line is lessened aaa if not altogether avoided, 
by the ‘combination of this class of coarse aggregate with | smooth, workable 
: sand. . Great care should be taken to prevent the small pieces of wood, pieces of 
gunny sacking, e ‘ete. (which are often used to “prevent leaks in railroad cars) 
from being placed i in the gun. Th hese will Invariably cause plugs. Th 


Discharge Lines—As a general rule, abrupt changes in direction 
the discharge line. Elbows ‘should never be used. i The more nearly straight the 


discharge line | is, the greater will be the ease and certainty 


— 
and the wear on the line i is infinitely less. _ if changes i in direetion are unavoid- . 


able use long : sweeping bends. Wear is greatest on the bottom | of straight ru runs 
and on the concave side of bends; consequently, to insure uniform wear, a 


quarter turn should be taken on straight pipe occasionally and on hose bends 


after every pour of, say, 100 yd. ™ 
ry he makers of the machine recommend a specially built wire- “wound rubber 


hose for discharge. line. Experience at the Cascade Tunnel has proved beyond 
question that, for straight runs, wrought-i iron pipe, extra heavy, will give con-_ 
siderably better service. 4 Continued observation has indicated that the stand- 
ard wire-wound hose gave reasonably goo od service until the soft, line-r ubber, 
interior tubing v was worn through. After this occurred wear was extremely 


rapid and a blow- out occurred within about an hour. When the ‘wear ] pene-- 
trated t to the spiral wire reinforcing it was only a question of a few batts 


until g a plug ‘occurred at the ‘point of greatest wear. This was caused by es 


wire cutting in two, thus separating from the cotton hose wall and snarl 


inside the tube. | With this in mind, it occurred to the writer that since no 4 


blow-outs had been observed, which could be traced to lack of wall strength, ‘the 


wire reinforcing abandoned and its cost put into additional soft, 


line-rubber tubing. Consequently, a hose of the following characteristics v was 
pecially made at a price considerably below that of the wire-wound 


re-woun 


Weight, cotton fabric . 


of special abrasion- resisting” rubber tub- 


5 ft. ‘and 10 ft. 


nipples and clamps. 


| Thereafter, , two lengths of this hose were us e used on each machine, the ea — 
manecting to the gun was: 5 ft. long, and the u upper ‘connecting to 
sings 
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the inclined pipe was 10 ft. long. ‘combination gave the neces- 
sary flexibility of maneuver to that section of the line immediately above the 
a to the greater Gettin of material at the upper bend, , greater wear 


was experienced at this point. Data were kept ont the performance of a number 
of. thes se hoses, the being a representative and average test : 


Date September 2 99. 


The lower bends were approximately 75% | longer, the angle of 


i large number of 30° wrought-iron pipe bends were used as substitutes 


for the hose with greatly varying results. 7, With extra heavy pipe, 5 ft. long, 


evenly bent. its entire length, the wear of six pairs s of bends gave the following 


erage number of yards, lower bend............... 99460!) — 


Cost per bend complete with $21. 00 
_ Two methods of patching worn-out bends were denial. at The first con- 


sisted of welding heavy patches of stecl over the worn spots. These stu 
* when placed i in service gave approximately the same results as new bends, but 


“practice | was discontinued because after an indeterminate amount of 


- wear the heavy patches blew off with grave danger to the crew working a about 

hp bos ‘The second method was an outgrowth of the first and consisted of clamping 


several thicknesses of used placing- -hose over the worn spot with heavy steel 


straps. This worked very successfully and as many as 750 cu. yd. were placed 
through the bends before the patches" wore out. ‘method is effective in 
making a repair while ponring without removing the bend. 

te of a 
om lg in cost in favor z the | pipe e bends (when patches : are , used), 


the fact that plug oped discharge lines are much more infrequent with hose bends 


ae 3 the weightiest argument i in their favor. _ Plugs i in 99 cases out of 100 | occur 


at bends. With the pipe all ‘that can be. done is to o disassemble ‘the line and 


clean it out. oy With the hose a few well-directed blows with a wooden maul at 
point of obstruction will almost. invariably 1 release the plug. (This is 


not so effective with the stiff wire-wound hose). An other advantage of the 
flexible hose i is the fact that thin spots can be located by feeling the hose, 


_ whereas there is no way of telling how badly worn an iron pipe is without 


Flanges.—Instead of using standard six or eight- hole companion a 
four-hole flange w ith attached swinging bolts v wa s developed. These 


Iaterially cut the time consumed in removing short of pipe as the 


concrete advanced toward the forward bulkhead and prevented the loss of bolts. 


— * Hose given one- -quarter turn after every 125 yd. 
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through At the start of the Cascade Tunnel work these worms were 
a source of constant and annoying delays. (it i tisa 4 to 6-hour job to replace a x 


worm.) In several « eases the fin was: ‘torn completely off the hub by thin 
pieces of rock that jammed between the lower edge of the fin and the cylinder © aie aM, 


liner. This difficulty was remedied by the use of a specially designed wortn te 
cast of special abrasion-resisting steel with the fin } in. thick at the edge and 
in. . thick at the junction with the hub. None of these cast worms broke 

and ‘only two. replacements: were “required in any machine because of ‘wear. 


fter the edge. of the 1 fin wears back 1 more than an inch, the ry of mi material 


tutes 
long, 


Ww! ng 


| of the frequent inspections are required to trouble 
rb the bearing at the motor end. The packing in the is quickly cut out 
after the grout will work along the shaft and enter the transmission case. Tw 4 :. 
heal instances of the transmission case being almost filled by 3 grout ‘mixed with oes i 

Oil came under the writer’ observation. In one case the grout had set so 
“aad b that the gear train was frozen in it. Due : to the dust which is the usual ek 
«accompaniment of concrete operations the motor requires more than ordinary 
rm i care, . When replacing the worm it is a very good idea to examine the liner 

p 

mp1ng 
5 anal plate and if it is materially worn to replace it at the same time ag Pi) 
sia Air Supply. —The e results 0: of experiments to determine the air requirements a 
of this pneumatic concrete placer may be tabulated, as follows: 
of batch, in cubic yards... 
uset ib 
e bends 
occur of air in per minute. ..... 


= of time saat air is used for each charge. 


ine and 
maul at 


in cubic feet per cubic yard of concrete 


the Pressure, in pounds per square inch. . 
ne hose, Length of 6-in. placing hose, in . feet. je! 


Length of 6-in. placing pipe, in feet 


ithout 
anges & a With a an air ‘pressure of 105 Ib. in this” test, consumption. would 
These be a maximum. Experience at hud Cascade indicated that 

of bolts is near the gun. Since the demand fom air occurs at 
a = intervals it is practicable t to build up a supply while the ai 


High pressure is not essential 


a. are of Machine.—Although to prev he fin — 
the § are fe machine is 
rear 
| 
| 
| 
| 
en 
i 
— 
— 


and ‘the apparatus 
Safety -Precautions—It s should be ‘remembered that the | apparatus is 
eriodically | under rather high internal pressures and should be treated with the 
respect as a steam boiler. of equivalent pressures. Connections should be 
examined and tightened periodically (they have a habit: of loosening from 
 —— and flange th threads should be inspected for wear. This is particu- 
j Yarly important over the forms because the puddlers. usually work in scacreiaael 
and have little chance to ‘escape from bursting pipes. 
ee _ When hose is used in the ‘discharge line in proximity to wires carrying 
- electric current the iron pipe near the discharge end of the I line should be well 


thus: avoiding the ‘possibility of electrocuting workmen i ino contact 
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‘paper describes the conditions of Indian affecting the 


problem of distributing the. supplies received in the ‘manner desired. Te 


Sa 


“describes the devices available for effecting such with a minimum 
of manual control, mentions their principal qualities, and refers to the rec- 
of directed to their improvement. An outline is given of 
the theories on which to base design i in using such devices to form ae complete 
scheme of | automatic ¢ distribution ; and, finally, their ‘practical application is. 


discussed, in so far as they are found possible under present limitations of 


The method and means of measuring and a apportioning irrigation. deliv- a 


eres, that are in course of development i in India, and especially i in t the Panjab, ¥, 


are described. ‘The w writer, “however, has not the local knowledge needed to 
judge whether, and how, t these could’ be applied to American conditions. It has 


been the writer’ s aim to present essentials i in such a form: that discussion will 


‘The canals of | India are built, owned, and managed by 
Government, which sells the w ater to the actual cultivators of the land served. J 
The water i is paid for at fixed acreage rates levied on the fields actually * 


cropped on canal water in any season. - The reason for this i is ‘that hitherto it 
has been impracticable to measure the water ‘delivered to a holding, or even 


toa; group of holdings, while field-to-field assessment was already in force for 


__ Nore.—The Special | Committee on Irrigation Hydraulics has selected the ‘subject of 
tigation Deliveries’ as one of ten for study and research. This paper was submitted to 
the Committee by the author, and the Committee has recommended its publication in Proceed- 
ings in order to elicit discussion of the subject. (See Progress the 
Proceedings, Am. Soc. C. E., March, 1929, Society Affairs, p. 97.) P 


1 Superintending Engr., Indian Public Works Dept., 
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-,,% the rent or land revenue levied by the Government as the primary owner r of 


Water rights are not fixed by volume, or or by. a rate of flow 
will, _ For each group of holdings a rate of flow i is calculated from its area 
and other conditions. — The canal system i is designed to deliver these flows to 
i all holdings when it is running - full; when the supply i is insufficient to fill the 


canal, the water is shared proportionately. For a variety of ‘reasons, some 


local and | some general, the simplest and | best "method of sharing has been 
foun nd to be to keep each subsidiary channel ri running full or closed in short 


turns, for the correct ‘proportion | of the entire time. 


The ¢ channels of ac canal system fall in into three classes: (1) Watercourses 
ron ditches) serving the holdings that can be grouped together on one. 


channel, into not too” large | unit; (2) distributaries and minors, feed- 


ing such watercourses ; and (3) “main | canals and branches, , feeding distribu- 
taries, but watercourses. The distinction between Class (1) and 


to the “duty, to ‘keep the watercourses good ‘condition. distinction 


between the second and third classes, both being managed and maintained by 
the Government, is that Class (2) channels — are run only full to feed their 

"watercourses es correctly and a automatically y3 while those of Class (3) ‘may be 


supplies “of the canals of Panjab are by 
irs ; thus, they can be: run up to their « capacity | as long as so much » water 
available in the. river, but there is no storage for supplies in excess of 


momentary requirements. io The canal systems vary in length up to 200 miles, 


and water takes as long as five’ days from the head to reach 1 the last fields. 
& Fig. 1.) ‘Some canals have no | weirs, so that they have to utilize the 
supply entering them from ‘seasonal river levels. — Many canals outside the 
Be are fed from storage of the monsoon flow of 1 rivers. which are almost 

dry for part of the year. - This paper | deals principally with the conditions of a 


large canal the Panjab shows the degree to the 


(fed only by natural rises of river are dotted. 
as _ The heads of main canals, branches, and main distributaries necessarily 


Sault 


contain mechanism for the manual control of the supplies. passing. ~The 


criterion in control has. hitherto been satisfaction of, the demand of those 


_ channels that were intended to receive supplies at any ‘time. - _ The correctness level, 
4 
a: these demands has been checked by periodical discharge observations at the § Was re] 


heads of channels, and a at the boundaries of of the management districts. _ This nothing 
a method. of check 5 become increasingly unsatisfactory as development of the the fiel 
course, 


irr igated area has caught up with the supply available. Deficiencies are 


accumulation or scour of silt. which the rating "Progress is 
3 being made fore the ; provision of meters to eliminate discharge observe 
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on the lines described subsequently and 


is 


sak 
ft 
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iles 3 


Fic. 1 AREA IN THE PANJAB AS OF 

sofa heads of minor distributaries were also” oontiolled by hand, but it has 

h the now become fairly general to effect distribution | at such points automatically, 


led by pairs or groups of semi- -modular ‘flumes.— 


“jnun- The heads of Ww atercourses, or ‘outlets’, “were originally mere open cuts in 


the distributary bank. Several decades ago. pipes and ‘culverts i in the bank 
sssarily JB were substituted for these cuts; and it is instructive ‘to note that at the time 


re 
this substitution met as much “opposition as i is now offered by some to more _ 


modern ideas. The discharge of such outlets was ‘dependent on the water 


rectness level, both | on the distributary and the watercourse side. While the former 


at the was relatively constant, especially under a policy of running a full supply or 


3. _ This nothing, the latter was liable to considerable variation, according to the level of | 


t 0 of the ]B the field being irrigated, a and to the state of neglect, or sloivdinad of the water- a 


are - due course, depending on on keenness of demand. The heads available did not make Pie: 


it generally possible to eliminate the effect. of water level on the — 
side by s ‘setting the outlets with a free fall. The first suggestion for a device 


with which hydraulic principles nt be ‘used to provide ¢ a virtual free fall 
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The question is no longer “whether”, but “how”. The “how’ in the bas 
stage of trial and intense discussion, both as to general policy and details; 
but there is sufficiently full and concrete accomplishment by which to report F fun 


Beyond the are, in not subdivided; the supplies | 


managed by the farmers whose holdings have been grouped together. . The quit 

_ individual farmer takes the entire discharge in turn according to an agreed — ; inst, 


—™ _ oid It i is i be noted that development a and the intensification of of demand were 7 rose 
greatly stimulated by the World War; at ‘the. same time, this condition gravely rem 
"restricted | the funds: available for experimenting and improvement, and called are 


th the services of 80 many men that those who were left, were fully occupied mine 

with ordinary current duties. ‘These conditions have been eased only ‘since tions 
so that of the the made, been in the face of plies 
is also to be. canal in an engineer, with only usual 
‘Indian assistants and st staff, » receives ¢ on the average ‘approximately 15 500 0 cu. ft. a dis 
per sec., which has to be given to about 1500 outlets. _ Within a year this quite 
quantity actually irrigates- about 400 000 0 acres, in an area as la large as about stand 
1 000 ) sa. ‘miles. The duties include not only what is obviously to be expected betwe 
a7o of an engineer in such a charge, but also administrative work, such as. stop OA 
ping waste or t theft of water, and field- - field measurement the assess: modu! 
of water charges. Administrative methods include a ‘system of forms ent of 
nd returns, and written orders and reports, beside which t the routine « of a levels 
European governmental office i is child’s play. These duties have to be ful- FAs the 
filled before time can be found for investigations. contra 

- _ The term, “ module”, as used in this paper, is defined as a device designed modific 
— to deliver a constant , discharge, independent of fluctuations of water level or 80 that 
‘pressure on either the supply or the delivery side.2 J The first to develop : any of is the - 
the devices that have proved of practical ‘importance was | the late Mr. R. 6. 80 that 


Kennedy, of the Panjab Irrigation Department, whose investigation of chan- p deliver, 


that just carried their silt charges without scouring, is widely known the dis 
first devised three types of P ‘modules” big, medium, small dis of head 
charges, covering the entire range of requirements. us these, the suffic 

the exce 


a small types. involved regulation by balanced cylinders suspended from 
a} of subn 
-beam, and not proved suitable for practical work. The largest 


ie: sh consisted « of a gate swinging on a horizontal axle, with a ‘counterweight linked id bu 
an extension of its upper end and 1 running on a guide-rail laid to a curt 
availabl. 


oe: calculated and eondirmed by experiment; and the basin ‘under the bottom o of 


PRA 


the. gate _was also formed to a longitudinal curve. Any given ‘difference 


8 Panjab Irrigation Branch Paper No. 12 (blue), of 1906, “On the Distribution of Water 


| 
j 
© 
= * 
4 
| 
improve 
Te 
Gauge Oy 


6 
two 1931 MBA IRRIGATION DELIVERIES IN THE P PANJAB a 


_stream and down-stream water levels brought the e gate to s ‘some position 
__ predetermined by the counterweight and ‘the curve of its guide- rail, and ‘the 
“basin graduated the ‘aperture : at each position so | that the desired discharge 
3 ould pass. The device was made in several sizes, and each | could be set to. 
furnish the discharge desired, by giving ‘the correct, amount of counterweight. q = 
“gate module” was used for a few distr ibutary heads, which then had = 


to be with: modules for reasons. ‘Tt seems to have functioned 


above those ‘hat the module to The devied was 
removed because those concerned did not | know how to put it right. Efforts 


ied are now (1981) being ‘concentrated on regulating discharge at outlets; at 
‘minor heads, needs are more simply and probably better met by flume furca- 


| tions; at distributary heads, similar flumes t to meter manually-controlled sup-— 
plies seem to satisfy present: “requirements. device, therefore, may be 
said | to have e been “born before it its time” , and thus far seems to have met. the | 
aly — consequences. Fig. 2 shows a pair of flumes dividing the tail flow of 

a distributary between two form ‘ditches. The one in the foreground has not 


die | - quite a free fall, but the flow at the tail of the flume is ee A 
bout standing “wave” is formed little below ‘the narrow throat. Distribution 
xcted between | the two i is the same as if both had free falls. 
asa 3 tll “gauge outlet”, devised by Mr. Kennedy i in 1908, is the first of the ‘ “semi-— 


modules”, which differ from modules proper in rendering | discharge independ- 


-orms ent of water levels on the down-stream side, the natural variation with water “si 

of a levels on the u up- -stream side continuing in accordance with the hydraulic law. 

. ful- As the down-stream variation is the greater, and is largely controlled directly _ j 


7 contrary to regulation policy, this class of. device does more than on 


‘This gauge outlet* may be described as a “modified ‘Venturi meter. ben 


— “modification consists in providing free : admission 0 of air all around the throat, 


the usual recovery of kinetic energy in the expanding down- section, = 
that zero pressure is possible at the throat when that is lower than the 
char delivery water level. qt will be understood without lengthy explanation, 


ae the discharge - is independent of down- stream levels as long as the difference | 
all dis: of head is sufficient: to draw the throat: down to throat level; if 


from 4 
| largest of submergence of the throat by the supply level. The outlet is sa cand 


Hinkel able, but the desired discharge can be | given 1 by- setting it with ‘the necessary 
wabject ‘to the maximum allowed by the difference of 


‘outlet has been widely ‘used. It has about 
rou ae improvement in distribution, and blazed the way for most of the further work — 


_ 4Panjab Irrigation Branch Paper No. 12 (brown), ‘‘Results of Tests of Mr. Kennedy’ . 
Gan 2 Outlet” ; — with addenda on its improvement, protection, and application, 
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ny From the beginning, the most serious defect has been that it is perfectly 


A 
needed improvements were possible, however, n defects gradually became 


> 


easy to stop the air supply to the throat, i in order to increase the ‘supply | 
received. In the absence of any public opinion among the Indian 
it is difficult to. deal with this interference, and to stop it. Some 
means of meeting this defect have been devised, but the outlet. has fallen 
pletely out of use in the Provinces with which the writer is in n touch, and he 
heard nothing of any actual use dou) | 
Other defects are: ‘the natural result of the textbook ‘theory that dictates. 


the x measuring - of the head which causes velocity, down to the center of oe 


a way of air the Te ‘seems 


have assumed that and bottom of throat would be aerated ‘simul- 


no 10 air bubbles passing, and that i in 1 which it was fully independent of down- 
stream level with air bubbling freely, there w was an 1 intermediate ec condition \ with 
discharge than the theoretical, but with bubbles appearing. ent 
hl further result of following this ‘ a ‘center of orifice” theory involved no 
a _ practical defect, but is of interest. Mr. Kennedy calculated the coefficient of 
5 discharge from observed discharges and submersions ‘measured from. the center 
— the orifice as zero. ‘point. ah He was impressed by the fact that the values of 
resulting coefficient were so low, and | that the ¢ coefficient decreased with 
decreasing head. The writer plotted V? against water level, and found that if 
the zero point ‘were taken at almost two- thirds of the height of the orifice, the 
coefficient was constant down to quite e small submersions, and that it had a 
- yeasonable value for the bellmouth used. Another instance in which the writer 
was to point out that: the “center of orifice” theory had misap- 
= sag plied, was the calibration of the sluices of the . aneis Dam.°- The same error 
had also been found in investigating relatively ‘at pipes ‘discharging freely 
i Both these two last points: would be avoided by making the “orifice rec: 
tan ngular, or at least aerating only a i flat top, as as in the standing wave orifice 
semi- -module mentioned subsequently i in this: paper. band 
oA defect that is not yet generally felt, is that the discharge jeepers be 


; adjusted by means of the depth of submersion, which should be fixed by other 


: considerations | to be discussed later. That defect is overcome by y another form 


- devised by Mr. Kennedy.’ In is form the throat which constitutes the 


8 Minutes of Proceedings, Inst. C. E., 1921, Paper No. 4350, pp. 50 and Tl. 
Ministry of Public Works, Egypt, Research Work, Delta ‘Barrage, “The Discharge 0! 
Pipes”, by A. Deane Butcher, 
The Irrigmeter: An Irrigation. Distributor and Meter, as Specially Adapted to 
an Methods of Distribution,” by R. = Kaanety, 1918, Colonist Press, 
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ae = _ certain and simple indi e writer has found that, between the i 4 
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of the has not been brought into 
practical use, within the writer’s knowledge. 
ot ie about 1906, Mr. A. S: Gibb, forn nerly of the Panjab Irrigation Depart- 
aR devised what i ‘is s believed to be the el true module on which | nothing 


levels; the water must be to give» ihe 


‘designed velocity, and must not exceed this by than the amount of 

“that the vanes provided | can waste. a 2 is not made, e adjustable for discharge, 

is designed for discharges varying by small steps. 

‘Bua The use that has been made of this module is, as far as s the writer is aware, ™ 


practically confined to ‘complete regulation of one long channel in which the 
distribution among watercourses gav gave re great trouble with ordinary @ ulvert out- 
lets. Naturally, the cultivators had their former excessive supplies 


‘reduced, raised objections and ‘made constant complaints. J udged by the 


standard of the (the supply that reached the tail 0 the 


with rather less admitted at ‘the the 
same is still the case when, for a number of years, the local engineers have 


had to give the channel special attention. — 


wever, ‘the fact as stated indicates that | some outlets receive @ less ‘onl 


because supply 


last two facts indicate slight. the simpliett 


What is known in Meee as the “Venturi flume” was originated earlier and 


wee by the late Dr. AAS Stoddard and the | late Mr. WwW. . BL Harvey, 


salt 


both of the Panjab Irrigation Department. By introducing a smooth hump 


on the bed, « or smooth contractions of the sides of a regular channel, a 


; in the surface As produced equivalent to the head converted a 

creased velocity. Knowing” the. areas of the up- -stream and throat sections, 


and the amount of this dip, the discharge. can be calculated ; but by the stand- a a 


wave theory which i is now widely known, at the cannot exceed 


9X d. Therefore, if the | contraction is sufficient , conditions from the throat 
upward a are fixed; below it, a standing wave. forms and wa wastes any “excess” 
energy, and the device is a semi-module with its discharge constantly depend 


aD 
ent on the up-stream water level only. (Ste: 


eg 8 Panjab 1 Irrigation Branch Paper N No. 18, Working on the 
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The flow, therefore, must be part of a free vortex, and the surface of the 
— —} designed discharge can be calculated. Vanes are set across the flume, leaving eae 
a the designed discharge free, but skimming off any excess and turning it 7 7 ae - 
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rect, but have been replaced by a later form. A recent inspection showed 
_ && that some farmers were apparently getting too little water because delivery = ee 
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In the Panjab, this device was first introdu ced to distribute supply amc 

the outlets ‘grouped at the ta tails of distributaries. s. These supplies are even wo 


o now variable; therefore, the first need is to distribute them . proportionately, 
in Spite of ‘differences between, and fluctuations of, delivery water levels. 
This need would not be met at all by, the two- -gauge Venturi flume, the 
one- egauge standing-we wave flume has been the one developed. “Fig. 3 illus- 
Bans trates a standing wave flume used for automatic semi- -modular division of 
supply between tw ro small branches. The flume ‘shown the center is s dis- 
Lana charging about 80 cu. ft. per sec., with an up-stream depth of about 2. 5 ft. 
- With an afflux of less than 6 in., it is discharging + as if it had a free fall. 
bl “Modularity” > with small w orking heads was the first desideratum, and as the 
difference e between ordinary and es extreme efficiency meant only difference 
of about 0 0.1 ft. in maximum permissible delivery level, “even this demand — 
mild. of discharge was not at first very important because the 
discharges dealt with had been subject. to 100% variation : and a reduction 
this» to, say, (20%, satisfied all concerned. Both have become much more> 
impor ‘tant since the device has been used on a much larger sale. The prima 


facie ‘simplicity of elementary theory is: found to be complicated by ‘points 


inten 
that this theory ignores; and much important work has been done to perfect filters 
The ‘simultaneous investigation of the device in America concerned 


itself more with the two- -gauge Venturi flume. Recently, advance seems to | Bomb 


“have led more to the one- gauge flume. It seems to the writer that the ample 
& 


resources av ailable for American research would | achieve even more valuable — 
results, if a_ study were also made of what engineers in India have accom- 


Ww Then “Messrs. ‘Stoddard and Harvey originated their: flume, they al 


accur 


tunity 
devised an orifice gauge outlet based on the same principle. In this, a bell- 
mouth leads to a reetangular orifice; instead of the closed expanding pipe of 

outlet as developed by Mr. Kennedy, this continues as an open flume the The va 
sides of which carry on those of the orifice. ‘Under appropriate “set to | 
— ditions, a standing | wave forms in the flume, leaving the orifice free to dis- with gr 

charge into air with a ‘supported jet. “has not 

. The outlet has the advantage of extreme simplicity ; but under many con- pay TY 

‘ditions: relatiy ely large working head is necessary for the standing wave en 
This led Messrs. ‘Stoddard and Harvey to concentrate on an attempt the: 

smaller heads sufficient. These attempts produced some extremely 

ingenious ideas, but achieved no practical success. In spite of this limita- 


the outlet? had a considerable ‘field « of utility in this simple form, and 
been used successfully. further considerable advantage is that the out- collectiy 
det 3 is adjustable, by making the ro roof of the bellmouth and orifice slide up and head of 


_ ® Unpublished investigations of EB. s. Crump, Panjab Irrig. Dept., Panjab Eng. Congress, thought, 
927, “Report on Flume Experiments on the Sirhind Canal,” by A. G. C. Fane ; Bombay and 
Public Works Dept., Technical Paper No. 15, ‘‘Notes on Standing Wave Flumes and Flume bes a 


ee Falls,” by C. C. Inglis; and Panjab Eng. Congress, 1925, “Canal Falls and Thelr 


Improved Venturi Flume,” by ‘Ralph L. Parshall, Assoc. M. Am. Soc. Cc. E., 
Transactions, Am, Soc. C. E., Vol. 89 (1926), 


Panjab Nomograms, Pi. 45a, and the of the ;nufacturers. 
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down the sides. A special form was also constructed,!? which diminished the 


Ou 
working heads’ needed by using the outlet with shallow submergence, for pro- 


as portional distribution « of ‘supplies. ‘The ‘telative © advantages of that and other 


_ After considerable further work by other engineers, the problem of s saving 


head seems now to have been solved by Mr. Ww. Kirkpatrick, of the Bombay 


- Public Works Department. He sets vanes across the flume of the outlet, with 


~ their lower edges on an incline rising from the orifice, . These help to support © 

the ‘standing wave, and the orifice i is free with a satisfactorily small working © 


oe number of devi ices have not been mentioned which, , like Kennedy’ s ty 
modules, have never ‘found application, and seem unsuited to irriga- 
tion conditions in the field. The : same applies to devices | that are Teally only 
p minor modifications of the originals described. ‘The literature that has been 

quoted 1 in references contains | brief descriptions and references: 

lished, _More complete descriptions. 
Only one further group of devices calls for here. module 
“a intended for outlets, which is is now used to regulate a 1 constant supply for sand — 
filters. Iti is of the type in which a piston “floats” on the difference of 


across a fixed orifice, and : as it moves it adjusts a . second orifice so as to waste a : 


more ¢ or less head and keep the former head constant. It has been tried in the , 
- Bombay ‘Presidency and is understood to have proved unsuccessful because of 


the long | streamers of weed that grow in the water and the colloidal mud which 


accumulates on the , guide- -rod for the floating piston. It was applied to the 


outlets of a small distributary in the Panjab and this installation has never — 


_ been properly examined since, but on one occasion the writer had the oppor- . 

- tunity to go ov er the channel and found distribution still satisfactory. a ; 
A second device is a module intended : for large discharges. is a V Venturi 
meter provided with a butterfly valve a little down stream from the throat. ee 

n The valve is actuated by reversible mechanism controlled by the Venturi head, a BN 

set to be stationary at the designed head, to close with greater head, or open a 
with smaller heads. A few were installed for trial in Bombay, but the writer 
has not had any certain report of their working. to Ing 


The V enturi meter has been for some ry large in ‘South- 


tay 


At firs t, « done for outlets individually; but 

collective use have since been developed, so that the supply admitted os the 
head of a canal is automatically distributed to the outlets on it. At first 
thought, it might appear that if modules were fitted to the head of the channel 
and to all outlets, this result, would be simply secured; but no positive module 


has yet been definitely shown to be so reliable | and satisfactory as to justify 


Panjab Branch Paper “Moduling of Channels, by 
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ions would still have 
‘eultiv their outlets: for silt clearance without 


“notice, or when channels have to be overloaded temporarily. while a breach 


~The ideal aim for a plan of ‘ “moduling” a distributary may lie any where | 


between, two extremes : One i is to give each outlet and the distributary the full 


designed supply, and to close the distributary as required ; the other is to give 


; each outlet its correct share of the supply passing at the moment. The former | 


‘is theoretically - possible; but for practical r reasons referred to. previously, it is 


accepted by all as necessary to fit the tail group of outlets with flumes in 

order to distribute proportionately the : supply reaching With the for 
devices available, the latter ideal is theoretically possible only by means of a om 
pair of flumes at each outlet, distributing the supply proportionately. Phetween 


‘tributary supply | level at each outlet, it is “not really practicable. What is 
practicable and. practised i is to assume that the supply level corresponding 
given “discharge constant, and to ‘fit: each ‘outlet with a semi-module Ane 


intended to take off ‘the proper proportion of “supply as. long as 3 this holds" 


As the assumption practice fails to a varying ‘extent, this latter oft 
ideal is not fully possible ; but before proceeding to more detailed discussion 


oof the ‘two extremes and of intermediate | is necessary to state and 
the the f tk bject that has devel 
ay This theory i is based ¢ on the ‘idea of of proportionality, which is most simply nae 
giving each outlet a fixed ‘proportion of the supply, if is the “dis 
designed supply of a distributary and if nD is the designed supply of the 
outlet, when D - d is the actual ‘supply in a distributary at any moment, peat 
then the outlet receives n (D- d) gal. of water per hour. It is always nec- Soi 


essary to provide that the outlet shall receive nD gal., when D gal. are avail- 
= but fluctuations can be otherwise dealt wens and if the outlet receives J Then 
n(D=+rd) gal. of water per hour, the fraction, r, is by definition the ‘ banaadl Dania 
Tt has been found that the discharge of silt-formed channels i in the Panjab = Si 


varies 1s almost exactly as the — of the depth. if an outlet is a flume ‘de 4 

“4 in which the discharge varies as the — power of the submergence, set with § - 

4 its sill at one- -tenth the designed supply depth above the distributary bed, with head, 


the width such as to give the correct discharge at the designed supply, the it Is d 
aad for proportional and actual discharge would be tangential ; ; and since 0.3), i 


the two exponents, = and -, are not very dissimilar, the two curves not 
diverge: enough to. call fi for practical objection ; that is, such a a flume i is a seml- -, 5 


are module giving sensibly proportionate distribution as long as t the rating curve 
of the distributary at the point does not change. 3 
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7 It has also been shown mathematically, ‘that an orifice ‘semi- mod é 

> charges proportionally when the submergence of its zero point is three- tenths 

= 


the designed supply depth. 15 _ However, in this case the two exponents, | anc e « 


are dissimilar, involving opposite curvature.’ They are only tangential at) 


‘a point, away from it they div rapidly. Such therefore, 
“proportional” to a much more limited degree; but that objection is partly ——- 
Vv 


_ Expansion of this mathematical treatment results in the conclusion | that, 

for a flume the submergence of which is the fraction, h, of the supply i 


proportionality equals “y and for an orifice equals hese 
formulas give the measure of the to which the performance of a semi- 


~ module may be made to ‘approach that of a module by setting. it deeper. 


“ ar... the outlets of a length of distributary a are fitted wi with “modules , all the b 6 
"variation greater or less than t the designed supply reaches the tail, since 


; of the outlets receives more or less than before. — On the other hand, if all the 
outlets supplies, the pereentage variations at the 


‘modules set with proportionality of less than 1. the percentage 
variation. of from point to down the ‘channel; and the mathemati 
treatment referred to gives: the measure of this magnification. 


‘mathematical ‘assumptions must not be overlooked, namely, that the varie 


tions are small, and that the outlets are infinite in number and of infinitesi al 


discharge. Let, the terrae anitita stating te cana 


pei S = the ratio of supply at the head of the reach to that at the tail. 


snags “ita V = the ratio of percentage variation from the designed supply at weil 
avail- =... head, x the percentage variation resulting at the tail. , 
war talus 1 ry 


2% 


Panjab ; _ Subject to the assumptions , made, it is then possible to calculate and design 
a system with semi-modules for outlets” and furcations of channels with 
flume 


desired distribution not only of ‘the designed si supply, but t also of variations 
from the designed supply. For example, if it is necessary to be prepared 

Pare ae for each distributary to admit, in an emergency, an excess of 24% at the 
sd, with head, while up to 20% excess can be carried at the tails without danger, and 
ply, the it is desired to use orifice semi- -modules set near bed level (proportionality = 
id aince 0. 3), it will suffice to fit flumes that are set for ‘proportional distribution 


tail outlets that receive one-twentieth of the head discharge. 

3 do not 
Panjab Eng. Congress, 1917, Paper $6,p.137f. 
— Panjab Eng. Congress, 1923, Paper 80, Fig. 1. an od ot “Mite 
“Panjab Irrigation Branch, Paper No. 26, 1922, “Moduling of Irrigation Channels”, 
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‘Practice oF Grovr DistripuTion 

are used, it suffices to determine the proportion ‘tall 


“outlets that must be fitted for proportional distribution, to form a sufficient 
safety valve. For want of a sufficiently npr form of positive module, : 


‘their use has nowhere yet become general. For : some . conditions such modules 
re Vv ry esirable, and even the nearest substitutes, . are rather unsatisfactory. 


For example, in the Deccan, weed growth i is apt to be so heavy that the supply 
eve vel in a channel designed to run 3. ft. deep may rise by 3 ft. - For other. 


z conditions, such modules are useless; as, for example, i in inundation canals, the 


- supplies of which are not secured by river weirs, but depend on the natural 


rise and fall of the river. In euch | canals the best use possible must be made _ 
the widely fluctuating s s, , and, therefore, they must have rather flex- 


a Proportional distribution has most adherents i in the Panjab at the present ' 


time. is: probably in large part because designing is. very” simple and 
"progress always takes the simpler steps first. . It is” found that 


these measures effect great’ improvement on distribution by” uncontrolled oul- 


vert outlets, and the limitations | involved in the assumptions — to ‘simplify 


theory are not realized. For e 
to silting cause departures from de: designed distribution which | are greater than 


need be incurred. It It is very easy, although ‘illegal, for ¢ cultivators to steal 


quite a quantity of water by obstructing the distributary below their outlets. 


xample, the fluctuations: of supply level due 


Theoretical ideals being thus unrealizable, | an intermediate policy is advo-— 


cated as the best 1 practicable course. This involves distribution: as nearly con- 

- stant as possible, to the maximum number « of outlets. ES is effected by fitting 

im the maximum number of outlets with orifice semi- -modules set as deep as possible, 

confining proportional distribution to tail clusters, and using positive modules 

only where fluctuations of supply level are too great to allow o: of compromise. 

policy is naturally the subject of controversy. in opposite directions 


the advocates: of the two ideal policies quoted. Positive moduling is 


which ‘compete 5 with se semi- -modules i in ‘certain n essentials. _ They ‘must be cheap; 


simple robust of construction and action ; sufficiently “accurate in dis 
charge; susceptible of adjustment by the engineer, bt but not of ‘undetected 


adjustment by the cultivator; they must work with water containing: weeds 

and mud, and m must not be deranged by flotsam and jetsam ; they should 

require only a small minimum working } head, and should have such range ‘that 


they are easy to install ‘and will cover actual fluctuations of supply level. | ¥ It 
is _ also desirable that they s show the discharge they are set for, and indicate 
(like the bubbling of a Kennedy outlet) when they are working. W hen such 


tes are p uced, the field they can best | cover can only be found i in actual 
‘Practice; for example, a “Panjab perennial, canal the present ‘tail ‘clusters 


may still prove ve to be sufficient as safety valves. . On the other hand, it may be 
"necessary either to fit a few more outlets for proportional | distribution, 0! 


reta n a larger number with sub- proportional distribution. _ 


7 ‘likely to win for | some ‘conditions if if and when types of modules are developed 
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is far as possible. . It is argued that even ona Panjab perennial canal, 
~ flu ictuations of supply are such that any approach to rigid distribution endan- i. 
gers” the tails; where relativ ely rigid has been used, this is has: been 
ers for present: conditions ; 
variation of the supplies ‘received than as metering and are 
extended. There is’ also a measure for more effective us use of the tail 
a -distributary into two minors, one and the other small, 
fitted for sub- “proportional distribution, but with equal proportional tail 
clusters; and if the furcation into ‘minors is also fitted with flumes for pro- 
é portional ¢ distribution, the tail of the larger ‘minor will ‘experience 1 much larger 
fluctuations than that of the smaller. . A method has been shown’? | in which 
the proportionality of distribution between minors is adjusted so as to give 
that - equal fluctuations at both tails, enabling each safety valve to be fully used. an 
rat 


Panjab Eng. Congress, (1923, 67, Paragraph 84 et seq. ; 
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conditions the final solution is likely to remain that of maintain. 
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OF. CIVIL ENGINEERS 


SURVEYS FOR SWIFT RIVER RESERVOIR OF THE 
BOSTON } METROPOLITAN WATER SUPPLY’ 


ae It is the purpose of this paper to outline, briefly, the methods pursued — 


- 


in in the work of real estate and topographic surveys preparatory to the construe- ] 


methods | ‘adopted are to those used on other large projects, 
3 with modifications to meet local conditions of valuation and time. On this 
work, am aerial survey nae a guide to the ground survey Tather 


al 
o The water-shed of the new Swift River Reservoir for the Metropolitan 
ne ater District « of Boston, Mass., embraces an area of about 186 ‘sq. miles. Of 7 


“this, about 88 sq. miles will be required for reservoir purposes, ‘such an area 
land within and extending approximately mile from the proposed 
- reservoir. _ The area of operation involves practically all of the Towns of 
--Enfield, Greenwich, , and Prescott, Mass., : and parts of at least seven other 
j ‘tori The Swift River j is formed by three main branches (see Fig. 1), the East, 7 bile 
‘Middle, and West Branches, so-called. The water-shed of the river is char- 

_ acterized by a series of f high ridges running generally parallel in a northerly 

and southerly. direction. The middle and upper part of the main valley is 
occupied by a a number of rugged, mountain- like rocky hills which rise 300 to” _ 

ft, above the valley floor. valley is” sparsely settled, having had 

population in 1920 of about 20 persons per sq. ‘mile, » who lived mainly i in the 

small villages in. the valleys of the principal streams. Small ar areas in 

valley, howe yever, were devoted to agricultural use, the remainder « consisting for sf 

the most part of woodland 1 varying from scrub growth to mature timber. Avert: = 

- Work of surveying the large area involved was started in the late fall of = 

The surveys involve" two major of detailed topography 


within the basin of the proposed reservoir, extending at least 10 ft. in — 


de 1 Presented at the oer hee of ‘the Surveying and Mapping Division, Boston, Mass., be 


taubers 
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tion above any ne flow line, and ‘that of real estate involvi ing the deter- | 


mination of all holdings within the res reservoir requirements. Miscellaneous 


studies have been carried on coincidentally with the topographic ant and real 


Control for | all obtained by a triangulation. 
7 ‘The general terrain of the ‘Swift River Valley was 1 found to be ideal for a 
. fw good system of quadrilateral network, except that considerable ‘difficulty was 
experienced in the setting of stations so that they would be visible longitudi- 
nally along the axes of the valleys from quadrilateral to quadrilateral. Due — 
7 to the fact that the hillsides are more | or less uniform as to longitudinal slope, 
and, because of the occurrence of spasmodic growth of heavy timber, ‘it was 
somewhat difficult to obtain open lines of visibi lity. Considerable care was” 
in the placement of stations in order damage claims from 
cutting of timber might be eliminated as far as ‘practicable. okt to 
ot was found that a considerable number of triangulation stations had 


: _ been set, in the valley or its environs by the former Harbor and Land Com- : 
Dag 


mission of the Commonwealth ‘of Massachusetts and other: governmenta 


Be ay A few of these stations were in the secondary net used as a control 
of the Massachusetts Topographic ‘Survey . Ins so far as it was practicable i in 


a network of well-conditioned triangles, these stations were occu- 
pied a and used in the general system adopted. The > geographical positions of 
~ these early triangulation s stations were published in 1912, by the Harbor | 
Land Commission in the atlas of the boundaries of the various towns of | 
 Zekaaie ‘and the citation of latitude and longitude lends an oppor 

_ tunity for a check on a system which could include some of the older triangu- 

‘It is the thought of the writer that few engineers a appreciate ating 
of accurate information and di data available within relatively small areas for 

a check and tie- -up of land surveys of all: descriptions. x Throughout the Com- 

“ _monwealth » of Massachusetts there are many triangulation points of known 
location, together \ with positions of a town corners, of which 
sketch are given. a 

nore general use of the data at hand would do mu iid to correlate the man 

In the surveys of the Swift | River Valley, the general consisted 
£ of two chains of quadrilaterals ‘covering two of the major valleys extending 
generally parallel in a northerly and southerly direction. At their upper >and 


lower ends, the’ quadrilaterals were brought together in order that a proper 


check might be : available for the entire system. a ases, poly; gons swith 
erlor asa few simple tri- 

to make | contr rol accessible: to Common tripod signals, 


ft. high, were ) permanently each of ‘the wtations of the 


— 
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directly under the signal mast. Angles were measured by an 
to minutes, Six repetitions of each angle 
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of closure of the figures of the ‘considerably less 
7 than 8 sec. The triangulation network w: ‘as laid out with the requirement 7 
: that no angle should be less than 27° and with triangles : as s nearly. equilateral _ 


A base Tine about in length was chained “precisely by the slope 
method, using” a Chicago tape with spring balance. From the 
base line the sy stem was developed to the major net of the triangulation. By : 


‘utilizing the old e: existing triangulation points into the network of the system, 
with the ‘published | locations of these stations, it was possible to apply several 
_ checks to the new system. .e! From the main network of triangulation, called the — 
primary system, secondary t tr were located as the 1 needs of 


the detailed survey he 


In order to of any in the a plane system | | 


of co-ordinates was adopted with axes of reference ‘sufficiently removed from 
the area so as to eliminate the: possibility of n minus co- -ordinates, all co- -ordinates: 


: being ‘north and east of the locus of the system. _ The point of tangency to the 
7 * surface of the earth of the plane of reference was assumed as an arbitrary 
point | about midway of the a area of “operation. All vertical co-ordinates are 

parallel to a tangent to the meridian, 72° 18’ 00”, west of Greenwich, at ms 
intersection with north latitude, 42° 22’ 30”, endl 


ita _ are parallel with 1 a tangent to to the parallel of north latitude, 42° 22" 30”, at its 


intersection with the meridian, 7 2° 18” 0 ' . Knowing the geographical position 
of triangulation points established in the town boundary surveys, it became 
“possible to translate these positions to co- ordinates in the assumed plane of | 
reference, thereby affording ‘several checks on the entire system.? or all 
_ triangulation points, co- -ordinates were carefully calculated and ines azimuth { 
was computed and listed for the convenience of field parties. — All surveys of 
_ every nature were run on a true azimuth derived from the triangulation system, 


and individual traverse stations were co- -ordinated to the general system. As 


triangulation points are are established short distances apart, 


ik Seg 
the primary, triangulation: Practically all traverses 
been run by use of the stadia, calculated and closed back to the triangulation © 


the control of topographic and future construction data. Only a small part 
Aj of the area to be surveyed was in open country, and ‘topography was taken 
entirely by use of the transit and stadia board. Levels have been carried a 
precise bench- marks by v vertical and stadia levels being 
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See “Geodesy,” by George L. Hosmer, M. Am. Ow’ 
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he topogra aphic survey covers about 28 000 | 


of contours vat 5-ft. intervals, 
Ih, view v of the fact ‘that real estate ‘survey 1 requirements covered an area bull 


cust peda were on of real ‘estate, except that the 
_ traverses established have been used. for both the and real estate re 


customary features raphic have been located, as high- 


"ways ,w atercourses, buildin rs, and cultural develo ment. 


Under its Legislative Enabling Act, ‘the Commission may purchase land ¢ or 


~ not been exercised and property has been acquired by title j in fee. it is 
"probable 1 that ‘ultimately a general taking line will be laid dow! n accurately a and 


property within the area described thereby will be acquired, A considerable 
ae number of years ‘elapsed in the e preparation and final enactment of the Legis- he 


lative Act creating the future Swift River Reservoir and most property ow wners 
oy within the area affected were cognizant of the need of their holdings, resulting ‘ 


Pee in the early listing of much of the property for sale. ‘Upon the listing| of prop- |: ; 
MS erty its location was approximately determined by the field office, i in order that 
need for its purchase might be determined. The property was then appraised an” 
_ by agents of the Commission, and steps were taken for its purchase. — velit pert 


‘Prior to the actual transfer of ‘ownership, the of the property v was exam- 


 surve 


vidual acquisitions will ultimately border other acquisitions, that consider-_ 
a able economy in field work may be exercised by the proper use of the stadia 
- method of survey. In the actual surv surveys, a rigid 1 requirement was enforced in 
ul ty, that at least two ) independent locations were required of each proper ty corner 
where su such « corners are located as side shots from a main traverse and are not : 
the traverse calculations. Such a method serves as a check in 
Plots were made toa scale of 1 in. = ft. All traverses are checked back» 

to themselves or other checked traverses, lines being ‘Tun on true 
from derived in the beginning from ‘the triangulation ‘net. As often happens 
being [— undeveloped country, such as that encountered on this work, it has been found — 

en exact property lines are more or less obscure even to the knowledge of the 


rand it becomes: necessary to examine, carefully, deed and title of abut- 
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all 
s of obscure or inaccurate, surveys were requested of the Engineering Office. The 
fem, : largest percentage of the holdings in the valley was in either farm or woodland, —s—s ae 
less undeveloped, and it soon became evident that, in most cases, the 
sort. of boundary lines and_ corners could be made by the stadia method to ie 
— 


4 a ortunately, prior to any actual work of intensive survey in the Swift River 
Valley, a a contract had been made for an aerial survey of that part of the valley 
covered by the proposed f future ‘operation. The contract called for the photo- 


graphing of about 100 sq sq. miles of area and the delivery of so-called contact 
prints. - Photography from the aircraft was at an elevation of about 12 000 ft. 


vas te 
above sea level, resulting in contact prints of about 7 by 9 in. with an aver- 
a “age scale of approximately 1 in. = 1100 ft. The contract also provided for 


- enlarged prints to a scale: of 1 in. 4 400 ft. Because of the natural topography 5 
of the Swift River. Valley 1 with its series of high ridges, the individual contact a 
‘a ‘Prints we were | re of areas with elevations varying in many cases as much as 500 ft., 4 
OF more. W ith the resultant camera distortion, it was found extremely difficult 
2: i determine a suitable control seale for reproduction to a scale of 1 in. = 
3 iAcmesiaiat of scales exinted between v various points is of the same 2 print, due to ; 


with resultant photographic 


FOR SWIFT RIVER RESERVOIR apers 
dist« 
‘Title examination by the Legal Department was not confined to properties — ; tact 
- under immediate op option for acquisition. | It embraced all property which might : state 
be required. A systematic search of all titles in 1 one of the towns was ineugu- ‘ratic 

Fated and | practically completed within one year. Four copy sheets of title been 
ae abstracts were reduced by photostatic process to one letter-size sheet and given . eke 
ae: the Engineering Office for its use. . Thus, the Office had the advantage of 7 as th 
e being able to keep u up to date with the title work and considerable economy print 
resulted in the ability to survey considerable tracts of land in a systematic extre 

- manner, w ith the result that to date (1931) about 58 000 acres of real estate a 
have been surv eyed in anticipation of request for. such survey, or in the ulti- by liz 
y 

= 3 Together with the | preparation maps for the e actual acquisition of real Rives 
estate by deed, an analysis of the property \ was made by the Engineering Office; _ With 

a> 
that i is, a review - of all lines was written, with its relation to the deed held by “§ with 
the o owner, as well as to the deed held by the abutting owner. _ The writer has | limits 
found that assistants acquire a much broader outlook on real estate survey the fi 
ee requirements by being obliged actually to write out their analyses for r review ian d 
the Legal Department. As sugg ested description for possible deed convey- iners” 
” 4 ance also accompanied the map of the property when it was returned. "he aid to 
=. requirement has the tendency to make certain that “necessary bounds, lines of Qc 
y occu ation, distances, ete., appear properly on ‘the 1 map before it is passed to the _ lines 
Pp { 

Legal Department. > The requirement of map analysis of deeds, and suggested — would 
escription 4 appeared at first to be somewhat burdensome to an engineering — pou the 
force, but as such Ww ould be required mentally i in the process of a azimu 
 : the actual writing of the story soon became a comparatively simple matter. [contac 
It was found extremely © valuable not only i in the training of the personnel toa | graphi 
__ proper real estate survey, but also in the placing on record of the reason for eviden 
bound, line of occupation, or map line, embodied final map. ioe 
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‘distortion. Tt was decided that, except by the utilization of considerable ground 
survey, the enlarged prints were of little comparative value; therefore, few con- 


tact prints were enlarged. In fairness to” ‘this method of survey, it may be 


stated t that by considerable study for | the “proper placing of ground ‘control, 


ratios could have been deduced so that a a reasonably accurate - mosaic could wing 
been developed. For the purpose to be served it appeared that the contact 
"prints in themselves w w ere sufficiently clear and capable of being pantographed — 4 

as the ground surv ey developed a control for the needs of the work. ~The contact ; : 


prints were in more or less constant use from the time of their receipt and were 
Value of Contact Prints—An inspection of | of aerial contact prints indicates, 


by lines of occupation or by variation in 2 timber & grow th, the possibility of proper 


River Reservoir such Hines. were » pantographed to. a : cals map of the town. 


With these data on the map a perambulation of the town was made in ¢ company 


“with, its assessors to determine the approximate ownership of lands within | its 7 
limits. Lines which had no significance as property lines Ww ere e crossed out in 


the field and a a somewhat crude m map of property ow nership within the town 


| was 3 developed. | _ Such maps have been of considerable advantage to title exam- 


iners in the. tracing of ownership titles. te The maps were executed simply as an 


aid to an accurate ground survey of the area 


a Considerable use was made of the contact prints in the location of difficult: = 
Jines and corners. _ Many times a difference of a few years’ growth of timber 


would not be apparent on the ground, but the line of demarcation was shown. 
on the aerial photograph and data ‘oane tea from the contact pr print indicating we, 
wimuth and distance - for a field location of the desired lines or corners. “The <j 
contact prints were useful during the process of checking the mapping of topo- 


graphic detail, ‘as any error in field work or of interpretation of notes was 


was quite 


i {ETERIES 


wily ithin the area needed for reservoir purposes were several cemeteries — 

which required removal outside the reservoir limits. 


Each cemetery was sur- 
veyed, including a location of of all monuments and markers, together with the 7 


exact location of the indication of all burials. Copies were made of inscriptions 

fon all stones and so far as possible data were gathered as to actual lot owner- 

AU census of burials in the cemeteries indicated the existence of more 

than 5 000 interments. on age ayes ai 1% agit 

card index system was developed covering the data of each interment, 

gether with information ‘concerning lot ownership. oie many cases the latter ‘ 


lata are more or less obscure due to the absence of Fala town records ; 


history of and of interested parties. To date (1931), four 
undred removals have been made to lots outside the reservoir area, owned by e. 


parties at in interest. No general work of removal has as yet been undertaken. 


A new cemetery is to be established oye Commission outside emda reservoir 
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area e re-interment of remains to moved. Such a not yet 
record plots of and were made to a scale of 
>» @ x in. = 200 ft. ‘The entire area was laid out to a netw ork of standard sheets ee 
a with definite assignments of sheet numbers to areas included within set co- -ordi- (5 iz 
nates. The standard sheets have an inside border dimension of 24 by 36 i in. Phot 
ith no a overlapping of data to adjoining sh sheets. Original Plots o of topographical ieee 
- and real estate data were made on the same sheet, consisting of white paper ith 
mounted on cloth, standard titles with graphical seale having b been printed en 
the sheets before delivery to the field office. i he sheets are oriented with their ne Pp 
‘margins | ‘parallel to the co- ordinate lines. previously described. Convenient 
working co- -ordinates were carefully laid down on the sheets and ¢ as triangula- ‘iis 
onal tion and traverse stations were caleulated | Ww ith their proper co- -ordinate posi- iin 
es tions, they may be easily plotted. * Detailed data were ‘Plotted by means of a buildi 
‘paper protracter with an arm, or by a drafting machine. As all data were taken a oi 
the true, azimuth which corresponds to the vertical co- ordinate lines, the 
wo sets of tracings were develo ped from the io maps, one showing teiees' 
features and the other, real estate holdings. ‘These tracings were 
a of the same size as the record map with no overlap, of data, one to the other. i the 


hag Standard titles with graphical scale were printed « on cut tracing cloth be efor BS 
a = by the field office, thus making for uniformity in the finished result. ow ie 
7 With the early assignment of sheet numbers to areas included within def: a 
a uitte co-ordinate limits, it became easily possible to control for reference, the id 
 % hu location of any data taken. Each triangulation station was given a number a maxi 
corresponded to that of the record sheet on which it w would | occur, men r 
tet all data taken i in th the f field were correlated to their : pr oper sheet ‘numbers. Loose B missior 
— leaf note-books were used and the data taken w were grouped together to form being 1 


Bs) books that had numbers similar to ‘those of the record sheet o on which thei Engine 


| might be found. This system simplified the matter of Keeping 
order the information secured. If a field party was assigned to a definite 


ested) immediately secure a all ‘aveilablé data previously i in that 
area and could then reduce its own work toa minimum. | Ve 


BT; os opal real estate parcels | were numbered first with the key number of the shet 
on which the largest part of its area occurred and then with a second numbe} 


ws 


that was one of ¢ consecutive numbers on each individual sheet. — On an § abutting 
host a portion m of the e parcel occurring on that sheet took the same number & 
that on the its largest area hus, there nO 


land could be quickly determined if its sheet number had 
{ Distances on | real estate “maps were scaled from the original record ma} 


iq 
— | 
q 
q 
| 
| 
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olan within i its limit, and ‘in the termination of indivic 
‘was made certain that the sum total of all 


the sheet. 


7 All photographic work, including the developing a and printing of photo 
eets oraphs executed by the ‘field office. Photographs were of standard size 
* E (5 in. by 7 in.) and for record purposes they would mounted on white cloth. 
‘Photographs wer were made of all buildings or or other objects about which tii 


within area subject to removal was to make record of x monu- ¥ 
ments and markers in existence in each individual lot. 
1otograph s were numberet ‘ed consecutive y as ta ut, for purposes of 


, a small blackboard placed in the view. On 1 the board the 


gula- name of the property owner and the date and number of the photograph io 
post & written in white chalk. ‘The record sheet number « on which the survey of the i. 
3 of a building appeared was lias shown on the board, thus tying the location down 
taken 
* oe ‘ground color, was placed in front of the board in the direction of. the ‘north 


point as determined a pocket compass. A small sketch was drawn in the 


ota: lower left-hand corner of the negative, showing the position of the camera and 


akel & to a a comparatively small area. A small Ww rhite or black arrow, depending o1 on ae 
were 


objects in the photograph, with relation to highways ¢ or other ge general features 


in dei Al ~All the work of surveying and mapping, as as River Valley is 


ice, the concerned, was undertaken from one field office with a personnel ‘varying: from — 7 
number a maximum of forty -five men to an existing field e engineering force of twenty a 


ur, all ‘men. work i being done by the Metropolitan District Water Supply Com- 
Loose mission, with Headquarters Engineering Offices work 
to form being under the direction of Frank E. — M. Am 
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RAINFALL CHARACTERISTICS , AND THEIR RELATION 


C. S. Jarvis, M. AM. Soc. CE 
Tanvis,? M. Soc OE. . (by letter)." —The generous response in 
the way of discussion and constructive criticism from members of the engi- — 


neering and other scientific professions has brought forth essential items 3 or 


phases 0 of the subject which no single ' viewpoint could encompass. nite a> 


iJ 
mY spite of earnest ¢ endeavors to. condense data to the utmost limit mais 


with reasonable use, the tabulation was regarded by some reviewers 


entirely. too voluminous for “reproduction. is evident ‘from ‘occasional 
comments within the discussions, and likewise freely admitted by the —_ : 
that i improve ement might have resulted from extending the 1 number of stations. 
The 820 meteorological records and subsequent interpolations listed i in Table ‘y ; 


(Appendix I) were selected from 10 000 or more consulted. | 
bei consistent, it, the number of representative stations Sear from among highly 


In an effort” to 


hile careful ‘gleaning of all ‘fragments of "data was required im undeveloped 


a comprehensive view could be provided. 
rr The great danger of of “deployment i in a thin line to traverse a wide front” — 


is that the. individual responsibility | is thereby increased, and the danger of a 
wide gaps intensified. Continuing the analogy, the relativ ely few rainfall 
tations selected at wide intervals to represent: groups in adjacent: territory, 0 oa 
failed in some instances to reflect the entire range of behavior or ‘precipita- 7 = 4 
tion patterns. ty However, doubling or trebling the volume of data in Table 1 


(Appe ndix. I) would not have eliminated inherent weakness entirely, due 


commensurate in the quality of information. 


Mr Bliss evidently recognizes the preliminary steps leading up to the 


design and Sevmmletints of projects for flood control; namely, evaluation of — 


Note.—Authors closure. The paper by C. 8S. Jarvis, M. Am. Soc E., was published 
in January, 1930, Proceedings. Discussion of the paper has appeared in Proceedings, o 
follows: May, 1930, by Messrs. George S. Bliss, Brehon B. Somervell, Jesse W. Shuman, and 
Clinton L. Bogert; August, 1930, by Messrs. a R. Pettis, R. Ww. Powell, and Glen ms Cox ; 

and September, 1930, by George Cc. Danforth, M. Am. Soc. C. E. 

ett Hydr. Engr., U. S. Engr. Office, War Dept., Washington, D.C. 


14 Received by the Secretary, December 11, 1930. ann a 
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JARVIS RAINFALL CHAR ACTERISTICS 


"These, with other influences, are after all, by natural ‘phenomena 
= into such stern realities as river gauge heights and corresponding — 


discharge, and destructive dynamic effect. 


_ Major Somervell points: out the | errors into which h one might be led through | 


neglect of the local station records. No method has yet ‘been devised to : ~ 
ler and | complete record of W ashington, D. C., so nearly identical with those 
of Baltimore, Md., and intervening stations, was chosen to represent the 
coastal plain section; while the ‘Elkins, W. ‘Va. meteorological data seemed. 
to typify behavior of the mountainous region from which the head-waters of the 
Potomac and Monongahela Rivers flow. Neither was intended to represent 
an average value for the water- shed, nor : an extreme of range. © Tt is ; only by 
coincidence that average annual rainfall determined by stre eam 


investigations for the Potomac River . Basin should : agree so closely with the 


‘mean published for the ‘National 


_ It is not at all surprising “that extremes of annual rainfall at other sta-— 


should go the range of the Elkins and Washington records. 


plant the use of all available data for a given problem. — The oe | q 


q n’ ormally 
a er m: ‘the an that: for W in nearl: 
ratio of their respective means, 53. 99 in., in a given period. By 
. proportion, 40.5 : 53.99 : : 61. 3: 81.7, showing that the maximum of 89.01 in. 
ecorded | for Bayard during 1926 is not far beyond the normally expected 

minimum of 12. val tor 1895 at Western” Port, Md., ts probably in 


2 error, as is made quite evident by a comparison with either the few near- -by 
or the several in the surrounding country listed in 10. 
circumstantial evidence against the reported | rainfall during 1895 at Western 
accrues from the fact that this was the first full ‘year of and | 
subject ' to the disadvantage of local inexperience regarding standard ‘methods; 

* recurrence of four annual ‘rainfall depths, : next in order as 1s minima during 


a 85 -year record, ranging between 26 and 27 in.; and the surprising deficien: . 
cies, “month by month throughout most of the year, as compared with the 


_near- -by stations of Cumberland, Boettcherville, and: Burlington (six-month 
record only), which occupy comparable positions « on the terrain, although at 

Whether the Western Port minimum annual precipitation of 12.71 
ar regarded : as an error in observation, or only a local freak ¢ of a sub- ‘normal 1 rain- 
= fall, it cannot be e regarded as representative over any considerable section of 
‘: - the Potomac River water-shed; it would be more consistent to base judgment 
on a group of meteorological 3 stations, or selected ones which represent bees 
‘The principal value, of such summaries : as comprise Table 1 (Appendix 1) 
is in furnishing a background against which the detailed dats’ of local stations 
= be more interpreted. claim has that ‘such | a sum 
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IS ON RAINFALL 
available, in utilizing fr agmentary data. broad view ofa a field 
of research should precede the detailed study. pla 


— Mr. Shuman brings forth in attractive form oo ens for periodicity of 


rainfall variations with ‘relation ‘to sunspot numbers. No one can doubt that 


series of years may differ in total precipitation; but the abrupt” manner of 


changing : from one extreme to another si supports the impression that a portion 
of the normal ‘rainfall that was temporarily | withheld was: later released; or a_ 


‘somewhat depleted by unusual expenditures must await recuperation 


an area ‘is taken, data at one or part of the district mentee 
lize those of another section, and one may secure no o recognizable cycles,” dis- 


plays the weakness of tl the claims for sunspot influence. It reduces the 
to local happenings entirely, as the writer sees the problem. Ever 
since reliable records were initiated, there have been areas of either excessive 
- or deficient wane reported ; and these again have years of above normal or 


below normal 1 deliveries for their respective localities. The Eastern States | 
. ential from drought during the summer of 1930 while various other sections 


of the country y had unusually heavy precipitation, and floods i in various parts s of 


Tf an investigator has the right t to bring station records into apparent | 
a agreement of phase by assigning lags of u up to ten years, then it ‘is freely 
admitted that the er ests and troughs of rainfall graphs may be made to coin- 


ide, for occasional short sections, with the various cycles devised, while other 
stations are in opposition. Why not accept the conclusions promulgated by 


a 
observers after diligent research—that sunspot ‘inerease was accom 
panied or followed by increase of precipitation on about one-third of the land 
surface, and by a decrease on | nearly an equal area; while, for the remaining 


; third of the earth’s surface, no conclusive data were available. . The presump- 
tion: is that. either claim may be proved or by nearly one- -half the: 
data, which to the writer indicates that there is “no direct relation traceable 
between rainfall and sunspot periodicity.” If relation exists, as a 
_ number of reputable scientists earnestly believe and seek to establish, it is. 


either too elusive or too thoroughly x masked by local influences for definite 


separated stations, the preliminary ‘liens included of more than 
ay one hundred of the longest records chosen from all over the earth’s surface, 


P and there were nearly as many oppositions as agreements among the crests ar! 
; troughs, in comparison with sunspot numbers, whether the latter are e platted 
nverted « or above the base line and whether annual rainfall for consecutive 
oa aa years or the p progressive two-year ‘means for the entire re periods are ] platted. x = 

The profession is indebted to Mr. Shuman for the clear exposition of. his 
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JARVIS ON RAINFALL CHARACTERISTICS 

obviously ‘it calls for another tabulation containing such data. 


encumbrance entailed thereby “ecemed to outweigh any 1 im 
Professor. r Powell nas contributed interesting and valuable views ‘the 


— subject of periodicity, with 1 reference to th the recurrence of maxima or minima 


excessive rainfall years, either singly or in groups, as they happen to oceur 


of a given n order. The Ww riter recognizes the of normal, medium 


p season of excessive precipitation for one locality occurs simultaneously with | 

droughts in other districts. Tt seems to be largely a question of routing 


large number of natural forces’ and elements jointly determine the path tra-— 
versed by th the atmospheric currents on which procurement, transportation, and 


delivery y of moisture d depend. — Xe To extend the a analogy - with other supply prob- 


lems, the first few ‘thousand feet of atmospheric strata above ‘the: surface of 
| the globe, whether land or sea, high or low in either elevation | or ‘latitude, 


i 


“represent the loaded vehicles; the counter- currents at higher levels represent 


more ‘moisture s subject to precipitation than all the combined layers above. 
_ That relation holds, no matter whether the reckoning begins at sea level, or 


Hions “the return of the empties”, or r the vehicles. reduced capacity,» 
tsof & ‘The foregoing view is supported, if not established, by the physical data of 
 &f Table 3, which shows that, with ‘normal 1 distribution or gradation of tem- 
arent perature with altitude, and the corresponding moisture capacity, the lower a 
reely 000- ft. depth of atmospheric strata, if at saturation, contains considerably 


ed by from mountains of any known height, 
forces which are accountable for tidal phenomena and ocean currents 
Sand should extend a kindred influence o on atmospheric movement. ~* tidal range 
aining of about 3 ft. occurs in mid-ocean } a range of 7 *,% is not unusual along 
sump- extensive coast: lines ; more than twice this occasionally quadruple, 
lf the occurs under special conditions. — Usual ocean tidal phenomena correspond to 


wees “ordinary: barometric pressure variations, measured by 4 in., or so, of mercury - 


as a at official meteorological stations, if due account is taken of the higher 


Gt is ‘mobility of gases and the ‘greater. weight of water, that is, a 34- ft. column 
balanci ‘ing the entire atn over an equal area sea level. 
pe For. the extremes of observed readings, about 27. 6 and 31.4 in. at the same 
, widely datum, ! showing a total variation of m more pay 12%, the analogous ocean tidal 


re » than range is 30 ft., or “more, 1 , which -mnay represent a a considerably greater propor 


= 


surface, | tion of the effective offshore depth of water r than the 12% range of hastantieie 


ests ar: pressure noted in the oregoing remarks. 


The alternation | of high | and low w tides throughout the day seems to have 


its counterpart ‘in atmospheric movements producing recurrent showers, ‘such: 


as those so often’ observed near noon or mid- -afternoon, depending somewhat on 


latitude and the : sun’s declination. In desert regions, the increased convec- 
tional circulation during ‘midday i is readily traceable by the numerous whirl- 


wind eddies, bearing aloft bits of leaves or other Tight substances, in a veil of 


dust, and displaying the main characteristics of eyelones 5 in miniature, except 
seldom attendant precipitation 


minima, 

ut that t er 
tage; here is” 


§ als — 

ld 

of 
at 
— 

— 

1S- 

sive 

4 
= 
- 

@ 

— 
= 

platted 

secutive 

n of his iii 

night be 

— 
— 


= 


_ JARVIS ON RAINFALL CHARACTERISTICS 


= 


likely to a on the far “ay flashes; 
a dull roar, increasing momentarily and punctuated by occasional thunder. By: 
» th g illness are almost ominous unti a 
In contrast, the prevailin calm and stillnes e almost ominous uw! til | the 5 
‘moving curtain: is” within perhaps less than a mile of the observer, when he a 
must suddenly combat f fitful wind and currents, followed by a 
cloud raised from the sweeping of the desert floor; ‘infrequently, a brief | 
of rain, fiercely driven or occasionally interspersed “with hails and, 
finally, a few moments after the drenching, a cool, cleansed, freshened a 
a tmosphere rapidly resumes the calm such as the storm. 
the an: alogy continues to hold between atmospheric and ocean tides, 
o 
3 ‘there should be a fortnightly 1 recurrence of unusually energetic circulation of = 
the atmosphere, corresponding to spring tides at seaports. Whether or not pree — 
“mo 
¢ ipitation accompanies such disturbances, depends largely on relative humidity Be 
and the temperatures that prevail locally; in short t, on the climatological 
habits. A systematic examination prominent long-record meteorological | 
data, day by day throughout any month or series of months, ordinarily dis- clas 
ea : closes pronounced periods of maxima in wind “Movement, and, less frequently, me 
in rainfall, oceurring at fortnightly i ntervals o: or les Secondary disturbances 
interspersed probably account for some of the oceurrences. mv 
“ay 
ae ay: From a consideration of evaporation rates from either free water | surface, the | 
wet ground, or dense foliage, together with _atmospheric moisture capacity, 
he relief by condensation at intervals of a month or ‘less may be regarded as whic 
< 
ny _ unavoidable at some place along the path traversed, unless intermixed with air 


currents deficient in humidity. _ Whether the evaporation rate is the usual 


4 in., or more, for months of moderate temperature, or less than 1 in. for a 


- winter month in temperate zones, the corresponding moisture capacity of the 


ae atmospheric column would not be greatly in excess thereof for average tions 


prevailing temperatures, ‘Under such conditions it appears: that the initial recor 


ti; 
steps_ in precipitation would begin at the nearest barrier, whether coast line, 
_ mountain ra range, or mass of dense, cold air obstructing the path of the warmer, 


: After several hours of intense sunshine, without the moderating effect of 


free water for evaporation, the upward displacement of warm air to re- establish 


equilibrium doubtless produces an effect comparable with high, tide jin. sea 


=. movements, and thereby affects. rainfall distribution nearly as definitely a s do 
ute tf 


tide large number of « cross- -sections across mountain ranges discloses a fairly 3 
definite relation with respect to slopes. _ It appears that the abrupt changes i in 


: gradient also mark pronounced variations in rainfall. | ‘The top of the steepest 


the highest point from which the entire lower slopes can be viewed 


rinci 

: (known in tactical” problems | as the military crest), to ‘receive the 
a rite ec 

a. precipitation ; ; and the actual summit may record a considerable vol bos 


in amount. The leeward slopes with respect to moisture supply 


ure 


es ole __ approached the limit of human endurance, the most positive and pronounced _ ali 
— 
= = 
the s 
10cati 
tion, 
isted 
hamec 
_ Th 


nics 


a almost invariably receive ¢ de ficient rainfall because of moisture 

4 Cox has pointed out such defec ts in» the platting of isohyetals 

ie in Fig. 5 as must inevitably occur, in in local sections, if only a | few selected x 

ie _ stations are utilized. On this account, General 1 Note No. 3 of Fig. 7 is equally 

-. si applicable to ‘related Figs. 5 and 6, and was so intended, reading as follows: a 
“This: map is subject to revision by addition of of data covering lo var lations 


not considered in Table 1”. alrite uti 


should be observed that the data from Table for Iov 


one exception, terminated with 1920 Up to that time, the infre- 
quent, sporadic o occurrences of more than 7 in. in 24 hours, Ww ere so. out of line : 
with the usual habits that it appeared inadvisable to let those isolated data 

‘govern the platting in _ opposition to the general habits. \ Without exception a aa 
rainfall Ww as the result, of thunder showers, during ‘summer or adjacen 

onths and confined to restricted areas entirely away - from the longest esta 
od and best equipped stations. Such problems demonstrate the importance 
> introducing the dimension or - element of periodicity for ‘interpreting a1 — 
as ssifying observations of natural phenomena, as illustrated in Table 11 for — 


rainfall, 


a 
| 


th ‘the past decade, or else > the list | of stations must have been extended viii. 


Danforth expresses an n appreciation “World We eather Records” in 


which the writer concurs, as s far as the | arrangement, convenience, and value 


of the data are concerned. This _ volume was published during the writer’s 


quest. for basic information, and includes 355° precipitation records, of 


251 were incorporated in Table 1 (Appendix I), in many instances supple- 
mented, by fragmentary data from other sources, | or by extensions of summa- a 


, of ‘obscure or remote stations. during process of but 
ai lll el the routing and the , plotting of all stations on Fig. t , the use of an entire 


ffect of line : across two pages. for such co-ordinates ‘seemed to be. out of proportion | to 4 hal 


stablish § the service that could be rendered thereby. Whenever the question of exact 


in sea location enters into the problem, the length of record, the altitude: of a sta- 
iy as @ tion, and t the rainfall patterns into which both the. annual and the poll a 


means and extremes readily classify, should identify the ‘particular station 


y 
a fairl listed, even if there are others of the same designation, os in the case of pend 


vA Bett ad 1 The use of such familiar names as Pernambuco and Para to indicate the 
> -viewe 


principal ports « of States bearing . the s same names, although ‘technically incor- 2 


rect, seems to be almost universal i in news items, and extends to such standard 
“The. Climate the Continents”, by W. G. Kendrew. 
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ARVIS ON RAINFALL CHARACT RISTICS- ‘Discussions 


— Pettis has given evidence of broad and understanding 
concerning flood-flow phenomena ‘and their relation to rainfall. The supple- 
_ mental data for 24- ie periods at ten of the ( Yolorado | stations sare gratefully 
question determinate limits as used in the paper was not 
intended to go beyond certain considerations, either axiomatic, logical, 
aie in the light of established facts. _ However, the discussion of. 


a study of probabilities is both interesting 


or “purposes s of it appears logical | to compare 


rainfall distributi ian; , either seasonal or annual, with normal evaporation from 

free water surfaces for the same periods. Where the potential losses 

7 ‘evaporation are approximately equal to the normal precipitation, , the ‘needs of 


waar 


ordinary 1 crops on loamy o or other | fine- textured soils are abundantly supplied 
without recourse to artificial methods of application | during average years. - 


4 de Where rainfall i is habitually greatly in excess, the « over- supply i is manifested 


a in the marshy: character of both the soil and the vegetation, unless” ne sur- 


is generally accentuated by the attendant habits 


In contrast with the -superabundant rainfall is the deficient ‘rainfall, 


amount. In a 


gener ral way, , the rainfall habits are by both the surviving vegetation 
zs and the soil structures s developed t under varying degrees of aridity. _ The limits 


of plant rootage and moisture percolation, saturation, oxidation, leaching, and 
4 —- are well marked by horizontal stratification and gradation of color- 


or by the widespread calcareous accretion in subsoil known as Ka 
ae. _ The latter conserves to ‘the utmost the sparse moisture supply, and 


"hastens saturation or water- logging when it is supplemented by artificial 
means or by seasons of abnormally high rainfall. 


‘With due regard to the foregoing definitions, the 15-in. average annual 


precipitation | prevalent over extensive areas of Alaska, Canada, Greenland 


_ Northern Europ&, Siberia, and parts of the high Andes Mountain r range is 
“comparable with approximately a 40-in. depth over the Middle rere coastal 


plain, ‘or with nearly double this rainfall i in | tropical lowlands; + and, in each 


a ee, instance, the annual p1 precipitation and evaporation should nearly balance. As 


_ progressive increase in altitude along a high mountain slope nearly repro- 


Ta 
; aces the climatological and soil conditions of higher latitudes, the elevations 


above sea level for meteorological stations supply « some of the primary factor 


in the study of rainfall and run-¢ -off ; also, in the classification as to aridity or 


ic humidity of. climate as determined by requirements for “plant growt th. For 


| 


‘simplicity, ‘the three principal classes previously defined ‘may be regarded as 


those with deficient, mc oderate, or optimum (in technical terms for 


“most favorable” conditions) ; and and, finally, excessive precipitation. 
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D.C... 


Boston, Mass ...... 
Pittsburgh, Pa...... 


‘Philadelphia, Pa... 
Washington, 


New York, N.Y..... 
Albany, N.Y. 


Burlington, 


O-- 
Rio de Janeiro, Brazil..... 


Salt Lake City, Utah...... 
Sydney, Australia.... 


Seattle, Wash.. 
Havana, Cuba...... 
Sitka, Alaska........ 
Calcutta, India.. 


Little Rock, Ark.. 
St. Paul, Minn..... 


West, 
New Orleans, La......... 
Cincinnati, Oh 


é 
4 


= 


|Charleston, S. C.. 


‘ 


Tokyo, Japan ..... 


‘Colon, Panama... 


Sacramento, Calif......... 
3 


Diego, Calif... 


San Francisco, Calif... 


St. Louis, M 
Chicago, Ill.... 


| 


Be 


> 


468 
498 
516 


5 


416 


u9 
& 
336. 


25 
2 
377 


= 


= 

= 

= 

a 


(Madras, India......... 
|\Capetown, South Afric 


1 


Paris, France.. 


Greenwich, England. 
Leningrad, Russia.. 


Beirut, Syria....... 


662 


654 
665-A 


651 


Helsingfors, Finland... 


openhagen, Denmark.... 
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‘JARVIS ON RAINFALL CHARACTE = Discussions 


ieee temperate. days and cool nights with heavy dew, so prevalent in the 


= plands as well as in high latitudes, reduce the demands for moisture measured J 
rainfall. This fact the advantage: of strategic with 


to be served anew. High | 
"mountain poe are cman in n fog, mint, or ‘light rain, usually for hours both 
before and a after the = seabed in that reaches the lowlands. The greater heights | 
through» which the droplets. fall to reach the valleys afford opportunity “for | 
increased diameter of raindrops, “velocity. of descent, amount: electric 
4a potential induced thereby, further coalescence through h attraction of opposite 
_ charges; and, finally, the lateral displacement of condensed moisture from its 
norm al path of descent by cross-winds, producing an effect similar to the 
folding of curtain draperies, and resulting in multiplied intensity , of ‘rainfall 


in some parts of the storm area at the expense of depletion for others, located 
AT 


eh. Such considerations 1 account in part. for the ° gentle, persistent rainfall of 
: isin ae areas as opposed to the irregular, fitful, and y riolent phenomena of arid 


or semi- -arid ‘sections. - In terms of stream flow or water supply, there is the 


discrimination between | primary and secondary rights, with their contrasts | of 
di ependability. Whether tl the favored | strategic: position depends for its ad 


vantage on altitude, or ‘on proximity to either ‘the source of atmospheric 


moisture or its main lanes of traffic, or on the abrupt steepening of ‘gradient to 


surmount a barrier, the beginnings of f condensation merge almost wees 
with fog for p: part of the time. 
the wind ‘movement becomes strong, or if the release 


3 
4 
5 


a propellent, then the storm may carry over te leeward side of the barrier, 


_ whether it is a land form, an_underflowing mass of dense atmosphere, or 
> the 1e impediment of barren n distance, for the relatively brief period of 

The high ratios between successive values of either ‘rainfall 

i es given in Table 1 (Appendix I), are apparently a fair measure of relative 

aridity, whether the daily, monthly, or yearly periods are the basis of reckoning. 

For. either moderate or excessive precipitation stations, either the depths of 

a rainfall or the percentages 0 of the mean annual which they represent (as tabu 

_ lated), make fairly regular ascending series when read from left to right. For 

with | deficient rainfall in comparison with potential evaporation from 

a free water ‘surfaces, the series are broken by occasional i inversions or reve ersals 

ig For example, the maximum monthly rainfall may far exceed the minimu 
2h annual, instead of being approximately | one- half or two- thirds | of the value: 1 

the the next column, as seems to be characteristic of stations with dependable ani 7 

ample rainfall. Furthermore, for stations of moderate rainfall, a typical 

record may show ‘minimum and maximum of about 50 


130% may ‘be. more nearly “representative, ‘while: for 
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lack < of symmetry for r records, and decided ‘departure - from arithmetical 
series for others. The first t approximations for 10- -year minima and 


ma 
100% and the foregoing extremes, although may be 


| for all the foregoing cases, and, in the same order, would therefore be % and 
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125; 80 ) and 120; 85 y and 1145; 70 and 150; and, finally, 


fall data or the results of 


ng 


involve higher ratios. ome field awaits development alony 


same lines, but ° will r require organized effort and facilities. 
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op 


= deficiency of rainfall compared with potential evaporation, the range may be a re 
the 40 and 200%, or, more rarely, nearly 30 and 300 per cent. Moreover. the Be? 
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ALLEN Berts,? M. Am. Soo. C. E. ‘(by letter). 4_The 
discussions have | brought ‘out some important points. Mr. ‘Davies’ reference 


to the limitations imposed on the Engineering Staff by legislative action and, 


sound engineering construction, and adequate provisions | for repayment of cost, 
all of which are essential to the ultimate success of. projects in general and 


of this one in particular. 4, 77 


later, by legal contracts, illustrates the interdependence of economic feasibility, 3 
4 


‘The merits of electrification, "especially where a heavy volume of traffic 
is involved, are indicated in ‘Mr. Keay’s outline of European practice, which - 
he has had an unusual oppor tunity to study. - Electrification of the Moffat Tun- 
nel had been taken for granted uy up to the time the lessee exercised the option of a 


steam operation. *. he capacity of the tr tunnel has been estimated at 40 trains 7 


daily. This use is contingent upon utilization of the Dotsero | Cut- off for 
which the way was cleared in 1930 by the Un ited States Cour rt decisions — 
validating the ease with the Denver and Salt Lake Railroad ‘Company and — 

by the Interstate Commerce Commission’s approval of the acquisition of the | 
Denver | and § Salt Lake Railway by the Denver and Rio Grande Western Rail ; 
effect of steam operation on this partly timbered, 6- mile, tunnel 
will be watched with ith interest in order to determine whether | the chemical 
action of hot flue. gases and the ‘subsequent forced ventilation drafts accele- 
tate deterioration. In this connection, the statement by Mr. Eremin that 
serious disadvantage of timber lining is the difficulty of preserving it from 


decay”, is apropos and explains | ‘recommendation that a -concrete- lining 


4 
| 


program be carried out as maintenance replacements of timber become neces- 
sary. . This would permit. ‘deriving: the maximum of the investme! 


_  Notse.—Author’s closure. The paper by Clifford ‘Allen Betts, M. Am. Soc. C. E., was 
published in April, 1930, Proceedings. Discussion on the paper has appeared in Proceedings, 
8 follows: September, 1930, by Messrs. J. Vipond Davies and R. H. Keays ; and November, — 
1930, by A. A. Eremin, Assoc. M. Am. Soc.C. 


1 Engr., U. S. Bureau of Reclamation, Owyhee ‘Dam, Nyssa, Ore. 
Received by the Secretary, December 24, 1930, 
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treated timber lining, would | defer large interest charges on conerete, and 


would provide an opportunity to study the eden grouné } pressures 


prior to concreting the remainder of the bore. 
There is a w vide range physical a and ‘chemical pr oporties: of ground. 


The Moffat Tunnel contained numerous’ formations from blocky, solid. tock 
unaffected by weathering t toa ‘Squeezing and swelling fault z zone material 

that. produced upward pressures in the tunnel floor as well as top and side 

pressures. | This type o of ground (which might be added to the tw oO yarns 
oa by Mr. . Eremin in Fig. 13) is. difficult to hold because the flowing pressures: 


‘find the 1 Ww weakness of the lining whether it be by shear at the joints | or by 


bending of segmental arch ribs or posts. In shortening timber arch members 
to approach a circle the - stability of the arch is s endangered, but. ‘if steel 


members are used, the circular arch provides | most effective resistance to 
pressures, ‘This i is being borne out in the water-tunnel lining. 
excellent ‘opportunity ‘to substantiate Mr. Eremin’s statement that 
te. “pressure on the tunnel 1 lining varies with the size e of the tunnel and the 


“s 


arching effect of the ground” , occurs in two. tunnels with which the writer is 
connected. 3.55-mile water tunnel, of the horseshoe type, 16 ft. 7 in. in 


diameter, ‘is being driven at approximately right angles to a 4.15-mile tunnel, 
> 9 ft. 3 in. in diameter, with only 300 ft. s separating z the inlet portal of “one 


_ from the outlet of the other. Where similar lava a and tuff are ‘encountered 


in each, the smaller tunnel stands without support, while the larger bore 


requires 10 by 10-in. fir timbers on 5-ft. centers to hold the ground ae the 
a= Mr Big. 
conerete is placed. The difference in pressure between the two tunnels is 
very noticeable. Advantage can be taken of this fact in determining the 


economic balance between cost. of lining | and the excavation costs in designing 


Woe 


Recent developments on the Colorado River emphasize the strategic loca- 
> tion of the Moffat Water Tunnel for diversion of a water supply for Denver, 


from the head-waters of that stream, Due to the rapidly iner easing 


value, of water in the arid West a1 and the natural limitations of the w vater- 
sheds available for serving Denver by gravity, ‘this water tunnel has “great 
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us AT BOSTON, MASSACHUSETTS 


steel 
to 


ter 18 ARLES W. M. Am. Soc. C. E. (by letter). 1¢_The ideal which 
in. every designer of storm-we ater conduits undoubtedly has in | his mind, has been 
admirably expre ssed by Mr. Horner. However , it is not only improbable 
, we any de signing engineer has made such a statement, but unlikely that it ever ne 
a can be made. — Nev ertheless, sufficient information has now been accumulated — 
il dn to make possible a ls somewhat closer approximation - to the ideal than has usually fe 
vit The writer also had a vision, but it extended ‘only to the possibility that 
ng the one type of rainfall intensity equation might be found to apply to a large, 
_e section of the country—perhaps to the portion east of the Rocky Mountains— <P 


hes and that the frequency relation n might be the same for all localities. — if this 


were SO it would be necessary only to determine the value of K : (in which, 


Denv K corresponds to a frequency of one year), and all the necessary figures relat- 
preasing 


ing to rainfall intensity - would be available. ‘ “Moreover, analyses of precipita- | 
vater- 
7 wate ® tion records at a considerable number of stations would then make it possible — 
| to prepare a map showing lines for equal values of b and interpolations 


between these lines would be ‘sufficient, in most cases, find a proper rainfall-_ 


intensity coefficient for almost any locality. 7 

This vision may have been a mirage, and although the writer is 
ot pointed, he is not surprised to learn that } Messrs. Wagnitz and Wilcoxen do 

to «not find the same form of equation applicable at Detroit as that derived for 4 


Boston, That frequency relation should be approximately the same 


both | cases, appears wor thy of | special notice. To be sure, the analysis of 
Detroit. figures did not include any durations bey ond 360 and it is pos- 


at 


sible that somew hat different results would have been obtained if longer storms — 
adbeen taken into account. 
Lt Nors.—Author’s closure. The paper by Charles W. Sherman, M. Am. Soc. C. E., was 7 

| bublished in April, 1930, Proceedings. _ _ Discussion on the paper has appeared in Proceedings, 

4 follows: September, 1930, by W.. WwW. Horner, M. Am. Soc. C. E.; and 
by Messrs. C. S. Jarvis, and Milton F. Wagnitz and L. C. ‘Wilcoxen. ri soteinh-+ 7 
1Cons. Engr. (Metcalf & Eddy), Boston, Mass. 
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N RAINFALL LS AT BOSTON, mass. Discussio 


_ particularly i in ‘determining the best possible form of curve to fit a particular 

set of records. However, it appears from an examination of Fig. 3 that the 

form of curve resulting from these computations does not conform very well 

with the observed values of the first, second » and third magnitudes, and even 


the divergence from the points of thirtieth magnitude ‘(1-year storm) is con- 
siderable. ‘may mean that for ‘Detroit conditions the form of equation, 
for. each frequency i is different from that for every other frequency. ses 


‘discrepancy between curves sand plotted points Ww would be marked. It may 
be. noted that if Fig. 1 had extended only to 3-hour storms, the ‘divergence 
- between the curves and the observations would have been more no noticeable than 


In view of the many items in storm- “water design, which have to be heer 


duration of suggested it in the p paper may | be close’ 
"general: use; that the denominator should be (é + 1), or (+ 8), with a an 


ex ponent of — or —; and that the fre uency relation may be taken as a 


of Such figures, like the >-exponent in the usual weir formula, 


i - Mr. Horner is right in noting that the curv es of Fig. 1 appear to be higher 


Be than - the observations justify, for durations exceeding 30 hours, and this is 


particularly obvious in examining Fig. 2. et modification of ‘the form of the 


curve, requiring a more complex form of equation, appears | to be necessary if 
the Points are to be approximated more closely ; if, indeed, any equation | can b be 

: “It is possible that the parallel curves 

obtained | from the Boston observations ‘Tepresent a fortuitous ‘circumstance, 
and that records at other places will not show similar results. Until: 


é =e records of a considerable number of stations have been analyzed, it is possible 


: J arvis’ comparison of the relations between intensities and frequencies 


ia. on is interesting, and is’ in such a form as to be easily remembered and applied. 


: Since the Detroit data furnish some degree of confirmation of the figure 


2s - obtained for Boston, these relations may be considered more likely to be of 


general” application than any of the other figures presented. Whether th 

“semblance of consistency” the intensity- -duration relation is really 1 


assuring, or just interesting and suggestive, can “only be othe 
_ records have been ‘studied i ina similar manner. = 
oc. O. E. that the 
formulas of the types, = andi = are nd 


“Formulas for Rainfall Intensities of Long Duration, Am. Soc. C. &: 


October, 1980, ‘Papers and Discussions, 1835. 
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—e@ ble t e to both long ‘and short periods of nee but he belie es 

= , is equally applicable to both long and olin durations. _ 


Obviously, w when ¢ is s large and b is less than 10, the difference between wk. 
ven There i is is considerable probability of error in using the Morgan Meyer 


i ir data in the ws way Mr. ‘Bernard has done in the paper cited, first, because few, 


tion — if any, “1 “1- day”, “2- day”, or r “3- -day” storms lasted exactly 24, 48, or or 72 a 
aps, and, second, because t the estimation of frequencies by computations based upon 

rent the sum of the length | of records at several stations is open to severe criticism. 


>» 
wer Obviously, the sum of 100 one-year records, all for the same year, at 100 
stations, , cannot be equivalent to a record of a century at a single station. 


However, taking the f figures given in Mr. Bernard’s Table 3* for Quadrangle wy 4 


15-E, and leaving | out of consideration the slight differences in ‘exponent of he 
the denominator, it would appear that the frequency relation would be a 


function of Poss, Possibly this may be taken as further confirmation of the | 
that the frequency relation may generally approximate a a funetion of 

Proceedings, Am. Soc. C. E., October, 1930, Papers and p. 1382. 
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"ANALYSIS OF CONTINUOUS FRAMES BY 
DISTRIBUTING FIXED-END MOMENTS 
Discussion 


By Messrs. R. R. MARTEL, AND CLyDE T. Morris” 


R. Marren,® M. Am. Soc. E. ‘(by letter) his concise presenta- 
tion, Professor Cross _ has restricted himself to a single, comprehensive 


illustrative example. fF rom this, the careful reader « can grasp the two prin- | 
ciples involved a and apply them to other problems of the same general character 


‘teed resorting to formulas of any kind. This method i is a marked advantage 
over those others ‘which require substitutions in for ‘mulas | and “subsequent 


The author's s terse statement of the modifications by which the effect 
side-sway, resulting from either unbalanced loading, or due e to horizontal 
may has led some of the diseuscers to illustrate the 


n in Fig. 10, is subjected. to horizontal, of 000 at “each 


procedure would be as follows tye yo 


convenient arbitrary moment eet -story 
& 
e columns, balance and distribute. Compute the shears in each story and, 
from these, the horizontal force which will produce the moments 
4 obtained after balancing and distributing, 
oe Write simultaneous equations to find the ratios of the forces 
obtained in Steps (1) and (2) to the given forces. 
i: (4) Multiply the distributed moments obtained in Steps (1) ‘and 
4 — @) by the respective ratios found in Step (3). The algebraic sum of © 


_ Nors.—The paper by Hardy Cross, M. Am. Soc. C. E., was published in May, co 
Proceedings. — Discussion of the Reaper, has appeared in Proceedings, as follows: September, = 
1930, by Messrs. C. P. Vetter, L. Grinter, S. S. Gorman, A. A. Eremin and E. F. Bruhn; 
October, 1930, by Messrs. A. H. winiay, R. F. Lyman, Jr., R. A. Caughey, Orrin H. Pilkey, 
and I, Oesterblom ; November, 1930, by Messrs. Edward p Bednarski, | S. N. Mitra, 10 onsel 
A. Black, and H. E. Wessman; and pinhead 

F. E. Richart, and William A. Oliver. 
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these two sets of moments gives the moments iearseall 


equations of Step ld 4 


142.3 Cy + 295.8 = = -+ 1000. 


alues of and Cy axe are found to ‘5.87 and + 6.20, 
iy. The ‘operations called for in Step (4) are ‘shown in Fig. (27). ik 


+2450 

4 


3 


a 


i 


Sai | Bala 1 B85 0 


a? 


= 15=560 360 = 15=566 + 15-438 | 


; ——_ crane column ‘subjected t to 9 moment duc due to the eccentricity of the crane 

‘a girder, furnishes another ‘simple illustration of the application of the general 
methed with 
Given such a column subjected to a moment t of 248 ft- ips at the crane ‘oe 
rail, and with end conditions which justify, the ‘assumption | of perfect fixity, § oily. 
the lower s section of the column is 36 ft. long and the upper portion, 14 ft. mJ oe 
5 Be ratio of moments of inertia of these sections is 5: 1. (e) 
is required to find the moments at the ends and at 1 the rail: 
Assume an imaginary support, F, (Fig. -28(a)) at the crane rail and (f) 
2 distribute the moment between the two © sections o of t the column, _ Then a | erie 


Compute the shears in both portions | of the The difference 
between these shears is the value of the force, F, exerted by the imaginary B ‘See Fig 
support. Removing this support will produce moments in the columns the 
same as by applying a transverse load at that point to the crane column con- 


sidered as a a fixed- -ended beam. These moments are most 
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MARTEL ON ANALYSIS OF CONTINU ous FRAMES: 
(e) ssume arbitrari y a moment, say, 10, in. one part of the column, which — 
3 is temporarily considered direction- fixed (lo eked) at the crane ig. 
28(b)). The ‘in the other section (18. 2), is then obtained from 


J 
l 


2.15 
£ 
as 
‘Shear 

2.407 


+1.763 


0.644 


= 


te P, which the moments obtained in n Step | (4). 

Multiply these moments | by the ratio ‘obtained in in 


@), to the force obtained in Step (4). re 
hese moments to those in giving the final results. 

vi 


Add t 


| 
14 ft. 
|. 
i] and — 
“carly A j 
h CHOF upport at the crane ra 
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inuation of Sine one previously given, since in this way there will be a span 
in which 1 the moment of inertia is not ecunihenii and its influence on distributing 


and carrying over will be brought out. a 12 
— Tet the lower 50 ft. of the column | be the sa same as before. — There is an 
additional 7 7 ft. at the top betwe een n the two points s of support ai -and its moment of | 


ae 


divic 


+85.5 


86. 
oe 


previc 


lower er 


of the moment, Ma, is fount 


zero, aS shown in F ig. ‘that is, the statical moment of the 
(Fig. about b is zero. The resulting equation is: ait) 


M, + (0.72 M, + 0.28 M) 


rom Ww. ’ 
+ inte: the car carry-ov er factor for this ‘case is — 0. wire stead of — — 


— 
Fe 
7 4 and 
ae 
— 
about 
— 
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the area of the — -diagram. 


and, = 9.28Ms, or, 
7 


‘ _ Considering the upper ‘section, Fig. 29(c), subjected to a moment, is. 


the angle change at q, is the deflection at r, with reference to a tangent at q, 
iz Hence, for a given ar angle change, 6; the ratio of to M 3 0.108 to 0.428. 
‘4 - This is the ratio used in in distributing the unbalanced moment bi betwee en the two. 
1 seciliiens of the column. The remaining oper rations required to obtain the final 


if 
Because little additional work is ‘it is of interest “consider” 


the effect of roof truss deflection on the moments. in n the crane 


Let the column be the ‘same a assume that it is subjected to an 
outward deflection, 8, (by the bottom: chord of the truss), of 0.125 in. and 


+ 7/4.9 


an inweé ward deflection, 82 (by the t top chord), of 0.100 in. (see Fig. 30(a)) 
_ The m moments of inertia of the column will be taken at 2000 and - 000° 
“for the portions above and below the crane rail, thus maintaining the 1 38 
4 


is convenient to that the remains 


A 
‘maintained, will pti in that n may y be evaluated 


bas 


distributing the unbalanced moment and ec: arrying over in the usual v yay. seh aa 


aot 


For the lower portion of the ‘column the moment of the — 


about n equals E I 8. The left- hand side of the resulting equation is the same 


as ‘in Equation (33) and E = 30000 000 2.000 Ib-in.? = = 000. ki 


= 0. 125 in. = 0. 0104 ft. ; My and M2 are ‘feet- kips; or, 
My + 181.5 My pet 


maithens of the column is direction- fixed at. both ends, 


14.64 Mp 6. 


sim uiteneously, 


— 
4 
f 2 + 2 9 x 5 j++ (89) 
| — 
— 
— 
— 
— 
- 
— 
— 
4 
— 
| 
iii 
7 from the deflections in the upper and lower portions of the column. The Sotght Mi OS 
moments thus found on each side of the bottom chord will not be equal ar re 
vane 
= 
a 
(33 
Since this 
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0.195 + 0. 100. = 0.295 in. 0.0187 ft., , or, Ms = 477.3. 
Jas. F . 


des 


= 


= 


Relative Rigidities 
0,108 0.428 


ae 


+6 
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ative 


0.812 x 
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wy 


Values of Ishown are Rel 


4 


in 30(c) ‘Tt will be noted that the viidities carry-ove er 
factor are the same as in the previous problem. =| 


T. Morris,’ M. Am. Soo. E. (by letter). —The writer 
“the ‘Cross method of analyzing continuous frames of inestimable value; but the 
sign convention used, w when applied to a multi-storied multi- -paneled bent, 
-more cumbersome than the following: moment which tends to rotate a 


Professor of Structural Eng., Ohio State ‘Univ., Columbus, Ohio. 
Received the Secretary, 30, 1930. = 
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‘February, 1 MOR ANALYSIS OF CONTINUOUS FRAMES 
joint is to be considered positive, and the reverse 8 After 


the solution 3 is completed, it is a simple matter to translate these signs into the — 


+ ad iZ he application of the method to the solution o of stresses in building : frames - 


_ due to wind load is not explained. Professor Cross indicates that it is possible, 
and several of the discussers have 1 mentioned the effects of side- “sway due to <n 
eccentric loads. ‘method n may be extended to lateral forces on a tall 
as much ease accuracy as for vertical in the following 


26.32 


baw 
ure OMENTS IN A Two-LEGG 


joints fixed against rotation, fee free to The 
sum of the moments at the. top and bottom of all the columns of a . story is 
jal to t the shear in the story, multiplied by the story height, and, as the 


deflections of the columns in a story due to the lateral forces are equal, the 
momen values of the ol columns. 
Ww (When all the columns of a story are of equal a values of Ee or z;™ may 
be used in proportioning the moments.) 
—Distribute the moments at the joints, them free to 


but not changing their location. (Same process as for ° vertical 
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over the distributed moments» using a carry-over factor of as 


4.—Balance the column moments in each story by making their sum 


7 the shear in the story times the story height. | This assumes the joints - to be 


: "fixed against rotation, but free to deflect laterally as in the first step. This 
completes. a eycle and the designer is now ready to repeat: Steps 2,3 3, and 4 as 


many times as the desired accuracy may require. 


illustrate the procedure, ‘the in Fig. 3 
two- — bent with the bottom of the columns fixed. The and 


diagram. 


eens: for the members are indicated by the figures near the middle of the 
| 


: members. The factors r s resulting from the application of Steps x. 2, 8, and 4 are 
— ‘indicated by the figures in parenthesis before the factors. Note that Lad 4 
does not apply tothe girders. 
TABLE. 5.— —ComParison OF Moments IN A Two- 


- The correct figures for the moments, according to the elastic theory, ¢ com- 
pared to the corresponding moments by the Cross method, are given in Table 5. 


- as If greater accuracy is desired another cycle of corrections would require but a 
minutes. After the moments: in ‘the members are determined, the shears” 


TABLE 6.—CoMPARISON 0 IN A 20- Story, Sy MMETRICAL, 
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pe-deflec 
tion method 
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tion method © 
Cross 
nethod 
Slope-deflec 
tion method 
tion method 


method 
Slo 


Slope- defiec- 
Slope-deflec- 
tion method 


‘Blope-detiec. 


3 
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o 
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| 
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— 
— | 
— 
— 
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— 
— 
— 
— 
23.32) 20.43) 19.70 19.98 
4 9.01] 7,58| 8.06, 15.67| 15.17, 15.24) 14.58)| 15.68, 14.22) 14.82 
— 14 08 14 13 14 0) 12 12.80, 11.52 90 
> .88) 7.94 14. -08' 14.48) 18.95}| 24.20, 12.89) 12.80) 11.2 
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32.—SYMMETRICAL THREE-SPAN 20-StToRY BENT. 


Gas 
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‘This method also mn applied to the lower four stories of the 20-story, 
_ symmetrical, three-span bent used by Messrs. . Wilson and Maney in their paper 
on the slope- deflection method. ° The calculations a are shown n in Fi ig. 32 and a_ 
“comparison of the results, with those given by Messrs. Wilson and Maney by 
the slope-deflection met method, is. listed in Table 


a computing the stresses in Fig. 32, it has been assumed that the carry- carry-— 
over terms for the columns of the fifth story were the same for the top and 


i” bottom. This introduces a small error at this story, which diminishes as the 
‘solution is carried down to the lower stories. | This i is shown in Table 6 naked the 


diminishing e errors in the lower stories. 


oe The labor of calculating these stresses by the Cross method is little more 
than that required by the usual approximate methods in use, and infinitely — 


less than for any of the other more exact ‘methods. 


a 9 “Wind | Stresses in the Steel Frames of Office Buildings,” Bulletin No. 80, Univ. of 
Miinois, Eng. Experiment Station. 
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R Niwa Soc. O. E LB. (by le le 


d by Hillman‘) that the a reservoir at any level may 


very closely as an exponential function of the of water, and 


is of interest to inquire why this should be so. 


The size of the ‘particles which a stream can transport depends to to a con- 
siderable extent on their - shape and the material of which they are ‘composed, 


but if they were all spherical and of the same material, their diameter would 


vary as the square of the velocity of the stream and their volume as the sixth 


power of the velocity.® if it is assumed that. all particles are spherical then 
the force. exerted by t the stream on a stationary particle i ds proportional to the 


change of momentum in that portion of the stream | passing the particle 


and varies as the square of the mean diameter, Dy i particle and the 
"square c of the velocity, of the w ater, that 


he frictional resistance due to ‘the weight of the portale varies 


V? = constant X 


‘therefore, Ts varies as Dy and, if the ne hydraulic radius does not 
the slope, s, will vary as Dy Shgol to 
it is assumed that the size of "particles increases uniformly in an 
up- atieaies direction, then the slope must also increase at a uniform rate which | 


~ Nore.—The paper by R. A. Sutherland, Assoc. M. Am. Soc. C. E., was published in 
September, 1930, Proceedings. Discussion of the paper has appeared in Proceedings, as 
follows: January, 1931, by Messrs. E. C. Baton and A. W. Simonds. 

Designing Engr., Main Roads Comm., Queensland, Brisbane, Australia. 
Received by the Secretary, December 10,1930. 


Capacities and Capacity Equations of Some Western Dam Sites,” 
Transactions, Inst. of Eng., Australia, Vol. II, 1921. eesti Barat — 


*“Physical cal Geography, by Lake, Cambridge Ur Univ. 
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VATION Discussions 


is a property of parabola, 1 The to provide a physical 


explanation: for the observed fact that the longitudinal section of a stream | 
tends to be parabolic throughout most of its length, 
Considering the case of the denudation of a slightly sloping block of land, 
‘such as a plain (km) uplifted a above the sea, as" re presented in Fig. 28, it 


will b be ne noted that, at t, there « cau be no stream, and de nuda-_ 


“= 


» and the intermittent removal of material | 


when rain Aa run- frdm storms collect into runnels ona, 


finally, into consequent streams running in the direction. of the slope. One e 


“Therefore, their ‘erosive power will increase also, il] 


beds to a convex curve such as a b (Fig. 23). a he str eam W will continue ti to erod 

until a narrow valley has been cut it back to ‘the position, c sd; and the process 
‘will tend to continue to the position, on, ef (Fi ig. 23), ¢ ete., back to the water shed. 


Erosion, however, cannot take place below the sea level at ¢ and, having 


eached this point, ‘the stream will commence to deposit. material. At any 


i 
po int, such as e, erosion eannot take place be low 8 level determined by the 


: slope necessary to maintain a velocity that will transport the load which the 
ream is carrying. Consequently, a concave curve, such as eg, will now be 

8 superimposed on the previous convex curve and the line of the valley will be 


onv eX. The term, een is ‘used relative to the surface « of the | seats which 
considered to be flat over a limited area. — Usually, the bed o of a river will 
not be concave to the sky. The concave curve cannot proceed beyon d the 


actual source of the stream, which will usually be a spring at about the point, 


eae h, since above this point t there will not be sufficient accumulation of "ground- 
ae. water to maintain a flow durin ing the interval between ‘storms. Therefore, | 
denudati n here will proceed by Ww weathering and the water- shed will 


~ 


~~ 


young stream which is eroding t the bed of a narrow gorge near head» 


- its drainage area will usually be fully loaded with detritus. It will “not 
: pa also 0 be eroding the sides of the valley which will be of a convex shape. The 


a shape of a storage basin me such a locality will be similar to that shown in 
sel ria 24. Tiniatersed the author’s ‘notation as far as possible, the area « of any 


—- 6 See, also, “The Curve of Stream Erosion, ~“hy John Challinor, The ee Magazine, 
Lond., Vol. LXVII, No February, 1930. yd 
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and the capacity of the serve 


= fa ar = fore (P ie) = 


v 


q 


which 
rw ill: 
id the 
point, 
round: 
refore, 


own in 


of any 


eal As the author points out, the value of mn for a convex valley, such as Fig. 4 _ 4 
24, will be | greater than 2 and, therefore, the value of w rill be areater than 


unity. _ Since dams are usually built at control ‘points such as A, B, or C, 
. of Fig. 2 2, the longitudinal section of the stream may be caida to be 


parabolic and the value of therefore, be 2. Hence, the value 


= 9 a+ re will be greater than 4; values of m greater than 4. 5 do ok 

seem to occur. In a previous discussion of an abstract of the author’s ot, 


the writer suggested the classification ‘of reservoirs into gorge, hill, foothill, 


-flood- plain, and lake types according to their value of m. The author hes 


+ 
rer the idea i in | rather more detail, combining the flood- plain and foothill - “3 


classes: into type, and a definite range of vi of m for 


4 


a a reservoir is located some distance from the -water- but in hilly 
country, there will be larger flow of wi water to transport eroded material 


ay 
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in the foregoing example and ‘the stream will have cut lateral. valleys of = 
_ - parabolic section. . Generally, the lower portion of the sides of the main valley J 

will have become parabolic and concave although ‘the actual water- shed will — 

still be « convex, so that the value of » will be 2. _ The longitudinal section | of - 

the main stream will now be on a flattened portion of the parabola so that z 


will be nearly unity. Such 1 a reserv oir is illustrated in Fig. 


25 and its value | 


“lateral | valleys ill sso ecome flattened, and the valley will be V- shaped 


with v =1,z = 1, and m = 3, corresponding to author’s hill typ pe. “Still 
the ‘stream may be so slight" that 2 


to the author’s flood-plain and foothill type. ‘For the lake the floor 


approximately flat in all directions and for large shallow lakes both » and a 


will be nearly zero, so that m will be rather greater than unity, but it a 
never be less than unity. The low est value 2 of m t thus far encountered by the 
Ww riter was 04 for the e Great Lake, i in th 


= 


= Ph 


A true - or box-s 
sides ma 


es may occur at oe portion of a stream where it has been forced 

bya uplift | to erode its channel through hard horizontally bedded sedimentary 

rocks. In such a case, the value of v will be small and that of z may — 
te) that m will probably be between 3 and 3.5. a 


The writer suggests the addition to the classification of a compound type 
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stream half of its length co consists of the narrow gorge of i Skokomish River 
: and for the up- -stream half of the expanse of Lake Cushman itself. 
lower por 


tion of the capacity, water is stored in the gorge « only and m = = 4.09. 


As As the water level ‘Tises, a greater percentage of the : storage is in the lake and . 4 * 
the value of m decreases gradually until for r the upper 100 ft. its value is _ 


we 


3 only The capacity line on logarithmic paper is a curve, whereas for all 


FR 


the other reservoirs “investigated by Mr. Sutherland or the writer it 

From Equation (35) it is evident that as the values of v and Zz decrease 

oh 


(they usually do i in a dow m-stream direction), the value of Cw , must increase 


and this i is clearly indicated i in Table 1. 
The application of the exponential formula neve much expenditure 
on investigational surveys since the capacity of a storage can usually 


‘determined with sufficient accuracy | from areas at two or ‘three levels only. eit’ ’ 


i Logarithmic site- -area graphs plotted by the writer for a number « of eptuel 4 


— 


“92 


dam sites confirm the results obtained by the author and show that Gales. . 
bs any | site to any given height can be represented closely by an exponential 
equation. ‘The writer has. also: plotted widths against heights on logarithmic a 


for number of dam sites and, in many cases, the plotted points depart 


considerably from a straight line. Evidently, Equation (7) holds less | closely 


than Equation (1) from which it is derived and, since the. author’s formulas 


for the volume < of dams are based upon Equation (7) it might be expected 


‘they would ‘yield d results which were considerably i in error. 


writer “computed 


the volume at a number of existing or proposed 


gravity dams by means of the formula given by Mr. . Sutherland and com- Bs 


pared the result with the volume ¢ calculated by the usual methods. ih was 
found that, for sites” which were fairly symmetrical, the formula 
tities agreeing closely w with the actual quantities. | Even for decidedly unsym 


owing to ‘as to the of foundation ‘hich will 
be necessary. — it For earth or rock-fill dams, the formulas: will also give satis- 


The formulas | for of constant-angle ar arch 


that the effect of convergence or ‘divergence of the contours is 
Some of the most favorable sites for constant- angle arch dams exhibit consid- — r 


erable convergence of the contours and for such sites errors exceeding 30% — 
in the computed volume of the dam may occur if the site-area equation is 


determined from a single cross- -section taken along a chord. 
Sf 


composite 
section which is now ee by the author will usually eliminate most of the 


oil 
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4 
os 
§ 
7 
d 
the | — 
; 
— 
— 
iii 
metrical sites the formula gave Tesults ere SUINCICNUY acc 
“§ 4 
nearly 
forced | 
yproach 
down- 
dowh- 


on — ASPECTS OF Discussions 


The fac the of arc the chord. The w riter 


value taal from 1. 40 for the P Pathfinder Dam | to 1.015 for the Upper Otay i 
ees 


‘Dam. . He eapsure that a a constant factor of 1.05 would not be suitable for 


author’ invo olve the assumptions that the radius varies 
i 
els from crest to base and that the ‘subtended - angle ‘and the cylinder. a 


“stress are constant from crest to base. F or the Warragamba, Pacoima, King 


River, and Bullards Bar Dama, | the writer has found by | plotting that 
were the radius does vary a u un 1iformly from crest to base, 
- that the subtended angle varies greatly near the base. In high dams it is 
only ¢ approximately | constant for the upper half of the dam. For the War- 


-ragamba and Pacoima Dams, the sites of wi which are f fairly symmetrical, 
cylinder stress is approximately constant at all levels; but for the Bullard’s 


Bar, Salmon Creek King River, and Rake: ¢ ushman Dams, it varies by as_ 
? y 


4 - The site of the ileal Warragamba Dam is a straight ; gorge cut in sand- 


_ stone, and the contours are practically straight lines parallel to the riv er. ~The 


Sines 
i ‘computed volume of 261 000 cu 1. yd., given in Table 2, is for a preliminary, 


design of a constant- angle arch Sens made some years ago by the writer for 
thie site, by means of the cylinder forneul: a. The site is unusually symmetrical, 


and the | probable > depth of foundation excavation was allowed for in deter fli 


ing the site-area equation. | Re The radii vary uniformly from crest to base, and 
the -eylinder stress is ‘unusually “constant throughout. ‘The a vo lume_ 
calculated by ordinary ‘methods is 284 000 cu. yd., , so that the result 


_ by the formula’ is 8% ‘too small. - The subtended angle is not constant, and > 


a site-area equation was obtained from a section along a chord, instead of 
along the are, and the error must arise from 1 these two causes since all the © 
other conditions requir y the ormula satisfie 
Notwithstanding the” various assumptions on n which the formula 
- - the volume of constant- angle arch dams i is based, it appears from n practical 
a applications that in ‘most cases the formula will give a quantity that is sufii- 
ciently near the true_ volume to be useful in 1 making preliminary investiga- 
tions, but the results may be expected to be ‘usually less accurate than 1 those 
obtained by the formula for the volume of gravity dams. hare. 
With the - exception of the Gibson Dam, the actual volume of which is. 
ge shown, Table 2 does not include, quantities for al ny dams decteratill by the 
trial-load or similar methods, or for any of the recently proposed high 
in which high compressive stresses are adopted. There is, therefore, no evi- 
dence to ‘show what error would involved in computing the volume of 
such dams by the author’s formulas. ‘The volume of the earlier arch dams, 


designed befor the of the al now of little prac- 
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s the most favorable for a constant-— 


i 


‘with flat floor ‘and n and a constant- 


| le t 1 ith t t- di h 
be es a CO nt-radius arch. 

becomes i identica wi lac onstant-radius a 
‘For Vv alley with sloping sides (no matter how steeply), the constant- 


angle type of arch will contain less material than’ the constant- radius type. 


as The comparison of specific capacities for different purposes in Figs. 17 and 18 


he writer has read this paper with muc ch interest, and its for prac-_ 


tical use is much enhanced by the : addition of the alignment charts. cw 
C. R. M. Am. Soc. C.. E. (by letter).8*—The author has performed 


vice to the profes ssion in calling attention to ‘the use 
as a means of reservoir ‘Sites and 
oh his methods cannot as a for final but they prom promise to be 
Poe | invaluable for the purpose of preliminary estimates a and they also afford : a 7 
ila. pr for direct comparison between various dam sites, and between different 4 
y a8 _ types of dams of various is heights of the same site, with a minimum of work. 
oan iti is a a definite achievement, since heretofore this was not possible, without 
aie days or even weeks of arduous labor, as those who have to pass on the relative 
The exce lence of proposed da: dam sites, the the of 
r for _ Most of the : items considered | are clearly and ¢ ably presented, but the author 

himself confesses that. through the necessity of ‘reducing the length of his 


- original paper, . the discussion of some of the subjects is somewhat “sketchy”. 


It is to be regretted that Mr.. Sutherland felt constrained to limit his dis- 
cussion on “ ‘economic | installation” to references to previous ‘Publications, 


“which u unfortunately are not readily | available. td tad 


Reservoir Sites—It has long been observed that capacity and area curves 
of reservoirs, follow some ag ig exponential curve, but it has remained for the 


The general form of. om "exponential curve in the nomenclature of the 


Obviously, this is the equation of a straight line, in which, m is the tangent 
the slope and log Cy, the intercept | on the y- ove. 
Regarding a reservoir, if the logarithms of corresponding depths and 
capacities are plotted on co-ordinate paper with horizontal and vertical 
ere 5 - scales, it will be found that they w ill be nearly on a straight line. The straight 
10 e) — line that best satisfies the points is the logarithmic equation, from which the 
ane algebraic formula, Equation (2), may readily be written. 


dams, 


8 Cons. Irrig. Engr. to the Govt. ‘of Transcaucasia, Tiflis, Union of the Socialistic So 


Se Received by the Secretary, 23, 1930. 
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, | A V-shaped valley, for which n = 2 as 
— 
f 
for 
iii 
= 
4 
and 
given — 
ad of 
the 
a 
? 


Since two are to a straight: line, the ca capacities 
corresponding to two depths are all that is necessary to obtain ti the approximate - 


‘capacity of a reservoir at any depth. However, ‘three or more points 
rve. As” 


a. will “permit a better adjustment | of the theoretical to the actual curve. — 
‘pointed out by the a uthor, it is remarkable how close the theoretical | agrees 


with the actual capacity. 


4 The general equation can er be used to extend the capacity curve of a 
reservoir beyond the limit of the original survey, a necessity that sometimes 
arises. _ The first derivative of the general equation with ‘respect to hy is, © 

dw din, or, s = Cw m hy", which Equation (4) in Mr. 


-Sutherland’s 1 paper. . From Equation (4) the area of the ‘reservoir, s, : at any 


dog a a= = log C Cw + log m — (m — 4) log 1 


Equation (37) is a straight line for which m 1 is the tangent of the 
and log C m, the on t the axis. Equations (4) 


of m is s interesting, but in n the w riter’ opinion ‘this j is important 


4 means of definition and comparison. How Min 
It is not. clear what particular means of mathematical 


used to , demnonntrate. that m is the ratio of the maximum « depth to the average 


depth of the reservoir. The > writer must also confess ignorance of the real 
meaning of the constant, ea yp» except that hy™ may be regarded as a unit of 
measurement for each type of reservoir, and Cw ,a scalar number 
the number o of times the quantity is taken as a a unit. 


, 
he preparation and use of line charts j is an ingenious method of determin 


actual curve. Possibly results may 
aa by adjusting the points within the 2 polygon formed by three or more 


4 lines on the line chart somewhat analogous to a solution of simple three- -point 


—_ _Dam Sites. —Mr. ‘Sutherland points, out that the theoretical area of a a 
i ‘pits may be found in a manner similar to that for determining the the “ll 


7 capacity and area curves of a reservoir. To the writer the 1 simplest method of 


oer haere to plot the logarithm of the width « of the dam site at 
8 against logarithms | of the corresponding depths. 


points 
will be the OT D, of the independent variable, h, a ca the intercept on th 


“axis W will be the coefficient, B, in the general equation, 


any height, h. E 


(38) is the trace, on a vertical plane, of the theoretical dam ‘site. ‘edits aa ” 
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_ Integrating Equation (38) with respect to Ay 


ay In Equation (38) letting w equal 7 =n C, and p p=n tie la! 1; then 
= -1, which appears tc to be derived by the author the 
capacity equation for the reservoir (see Equation (7)). ‘Until the relation 
between Yr eservoir and dam site is more definitely established, the write — 
that this is putting assumption to rather a severe test. _ 


_ Dams.—Equation (2) is 5 proposed by the author for determining the volume 
ofa triangular dam. and in this equation, their equiva- 


lents, Kg (H — 


he derives Equation (10) as an ession for ‘the of the Sub- 
‘stituting for and in this their equivalents, la 


B ah 


1 and 

‘which, the exponent, p, and the coefficient, are derived from Equation 


(39), the integration of the theoretical curve of the dam site. The same result ; 


could have been obtained by ‘integrating Equation (39). ath 
“a If suitable allowances are made for the concrete in the foundations along 


the base and abutments, and an n appropriate quantity is added for ¢ rest W width, 
Equation (40) will ; give ‘a close 2 approximation of the volume i ina gravity dam, 
The author has done a large amount of work and displayed considerable 


ingenuity in developing appr proximate formula for arch and constant angle 
dams. ‘These two types, with the variable radius dam, are more dependent than» : 
others on the shape of the dam site for their stability and volumetric contents, 


for this reason cannot be compared directly with a gravity dam. 
‘The: ‘proposed | formula ‘and the presentation in alignment charts will be of 


assistance since it renders” this comparison ‘possible, without the labor 


required to design a series of curved dams for each s site. . The error involved 
in the use of the ‘cylinder formula, however, be considerable, and 


the writer suggests the possibility — of applying a factor to the volume as 
determined _by the cylinder formula that will reduce, if not eliminate, | the 


ba The volumes of o other types of her types of dams, in¢ including the nail- head, multiple- -arch, 


multiple- dome, and Ambursen, com be compared almost. directly to the volume — 
of a ‘gravity dam of equal height, since they are only slightly affected by the Sa! 


shape of the dam site. It i is probable that some of the factors will vary as a eT 
— r of the height, but the relation should approximate | a straight line. | pial 
_ Specific Capacity— believes that : a more accurate ‘determina- 


j 
above the re reservoir - surface and the depths of he foundations below the eo kt 


of ‘the reservoir, so that the variable, h, of the reservoir would a to 
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‘the h, of the e dam. It would complicate the equations s ‘somewhat, but 
is not believed the ‘difficulty wo would be insurmountable, d 
While the specific capacity will afford a ready ‘means of comparing, 
of. variable heights of the same type, the reciprocal of the specific cay acity 
(or the number of cubic 1 units of the dam per unit t of storage capacity) would ; 


é the in 1 costs types 3 of dams of varying for: the 


— 


site, could be clearly and concisely shown. anh), 
_ The: cost of the accessories of a dam, including s spillways, outlet gates, etc., 


depends directly v upon the e type s selected, and it is evident that the size, which | 


_ influences the cost, is more a function of the reservoir than the dam. — For 


dams of the same height of different types, the capacities of the spillways and 


outlet gates will be the same, and if the same type of access sories is used, ‘the 
“cost will be a constant. _ For different heights of dams of the same type, the 


the | ‘spillway will vary as” some negative power er of the depth of 


reservoir, and the capacity of the outlet gates will remain practically iididbliagit, 
On account of these varying conditions, it appears to be hopeless to apply 


factor to the cost of a dam to the cost of the accessories, except 


as the roughest kind of an | approximation. These costs, like the cost of rights 


of way, must be computed s separately and added to the cost of the dam, | to give 


i aid Conclusion—The form in which the author presents his equations dispels 


any lingering hope the writer may have had respecting a maximum specific 

capacity. It was a fond hope that had been long entertained. ‘The economic 
height must be sought in other relations than those which exist between 
the height of a dam and storage capacity. " The loss in this respect, however, is 


4 - more than compensated for by the assistance which the data, so ably presented 
-_ by the author, , has been to the work at hand. It must be recognized that the 


- results are approximate, but i in an ‘instance under observation they have been 
close approximations and serve as a firm basis, on which to form an opinion 


a respecting the relative merits of various heights and types of dams for the 

“same site, ‘and to form a means of comparison between he ct dams and 
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_ CONSTRUCTION OF LA OLA PIPE LINE, IN CHIL E- 


“3 _ By Messrs. Ernest B. NELSON, H. L. THACKWELL, 


RNEST BN LSON,! a Assoc. M. Soc. C. E. ‘te letter). Was author i is 


to be. commended for this very inter esting description « of La Ola Pipe Line a ’ 
especially valuable unit construction costs presented. . These low unit 


ae 

“rapid progress of the w ork which was carried out in the face of r many adver 
and difficult conditions far from the source of sup lies. As is the case on man 

t e pplies. e case on 


construction jobs, transportation prov ed to be : a major problem i in maintaining 4 


progress to the required schedule. 
ispels 


‘The original design for this pipe (1917- -18) called 


wood- stave pipe for the low- “pressure portions, about 80% of the total length, 


nomic with lap- -welded steel pipe at points of high pressure, including of course the 


tween Pasto Cerrado (now, Montandon) Siphon. | Conditions at that time w ith the 


World War i in progress, made it necessary to reduce to a minimum the use of 
steel in all units of the projected plant devel deliveries of steel 
plate, structural shapes, ete., were very slow and uncertain. 7 During this period, 


due to the fact that steel construction had to be virtually abandoned, the last 


pinion 20 km. of the railroad from Pueblo Hundido to the plant at Potrerillos—a_ 


a pe difficult section in the mountains—was relocated in 1 order to eliminate isveral 
ns ane 


oe proposed steel bridges. Four additional tunnels v were ‘thus introduced, making 
ios a a total of eleven in this portion of the line, but the work was continued with- 


out serious interr uption | so that the railroad was _ completed | and placed in 
operation early in 1. 1919, a few months after the signing of the Armistice. ceeteie 


betas 


We ork on the ‘tunnels for the pipe Tine had been discontinued. | . Later, 


was resume y an 


alternate location through ‘Late in "1990, ‘with ai tunnels 


completely driven and the Pedernales Tunnel 60% through, a general chut- 
dow m of construction put a stop to further activities. raps, RR Tg 


sient ‘organization, as is likewise evident from 


ver, is 

sented 
at the 


e been 


TE.—The paper by W. B. Saunders, M. Am. Soc. C. E., was published in late 
1930, Proceedings. This discussion is printed in Proceedings, in order that the views 
*xpressed may be brought before all members for further discussion. 
é 1Supt. of Concrete Constr., Anglo- Chilean Consolidated Nitrate Corp., Tocopilla, Chile. 
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ON LA OLA PIPE LINE ions 
thes wor k wa was opened up, again early in 1925, the change to steel pipe 


_ throughout had been adopted, and the ‘project was ¢ carried through | to com- 


_ pletion as described by the author. ye) Steel p pipe besides being more dependable 

and less likely to give trouble i in operation than either wood-stave or concrete 

a pipe, has the further adva antage of a minimum loss or waste of water. Every- 

vy where in a desert region, . such as Northern Chile, w water is searce and i nade- 


"quate, and in this case the entire flow of the Ola River is utilized a half | 


ery For a wood-stave pipe line of size length leakage, 
“including: seepage and evaporation losses due to saturation of the staves, may 
: reasonably be taken at about 4% of the total flow, or - well o over 1 cu. 1. ft. per sec., 
_ which would have meant just that much less w ater available for use at the plant. | 


It is apparent that for conditions in | which | the supply of water is strictly 


= - Fimite d and possibly insufficient for the demands, this item of leakage may be 


a determining factor in the selection of the type of pipe to be be used, 
The author may have some data from observations of the carrying capacity 


of this line, w hich would be of general interest for comparison with some of the 


accepted formulas. if ‘the writer remembers correctly, at several points in the 


line, | provision was made for r measuring the flow by means of a sharp-creste 
weir in a short section of open canal. 


Sui H. L. Tu: ACKWELL, * “Assoc. M. Am. . Soc. E. (by letter).* 2a__The local 


A 
co nditions, trials, and labors of constructing a bold pene daring water- -supply 
project in the high pampas of Northern Chile, has been ably presented i in ‘this 
I 


4 
4 
The casual reader can better ¢ Ree this work by cedions it with a 
similar undertaking, such as crossing the Grand Canyon of f Arizona with 
- a pipe line, except that in 1 Chile the ‘ ‘quebrados”, or -eanyons, do not have 


4 ‘The “transportation problem is particularly difficult to solve. All food- 


agriculture. 


_ Flow in Cubic Feet per Second © 
> 


stuffs must | be imported | due to the arid climate, which is unsuitable for 

icu very lack ck of vegetables: made the Northern Chilean 
“te As stated ‘under the heading, ‘ “ ‘Water Supply”, the “atmosphere is absolutely 
_ dry” ; in in fact, ‘it is so ‘much so that the nee membrane in one’s nostrils 

dries up, and will -erack and bleed “unless greased with vaseline or similar 
ointment, The statement that “the air is brilliantly can be better 


pa we conformity. The only fuel is the root of a small ‘ ‘wind- blown” bush somew hat 


similar ¢ to the sagebush found i in the Western United States. ; 


wind not only “reaches a velocity of 20 miles per hour * * very 
day”, but it carries | sand and small pebbles. which like emery. Facing 


high desert wind on the La Ola Pampa i is veritable - torture; even burros turn 
ch pa backs and seek shelter. — aac stakes have been eroded = the pamps 


| 
Fe 
or 
— 
fro 
We 
— 
ii 
— abot 
J 
i 
— final 
‘piled 
# ?D e 
Mr. 
the 
and 
t. 
"HE 
pairec 


RUDOLPH ON LA OLA PIPE LINE 


working by hand in the tunnel headings, make as good progress as the. average 


‘Western 1 miner of the United States, using the same tools and methods == 
The water supply frem the Rio Ola i is fairly constant as can be seen fr y % 
ig. 4, is quite: possible to obtain” 29 eu. ft. per. sec., , provided | a storage 
f 4000 acre- ft, is available. “A atndy of Fig. 13, will show that a maximum 

- possible draft is available with adequate stor age, and that if the pipe line is 


setly & "designed for 26 sec-ft., , there will be periods every year when the mill will have 
y be “to reclaim several second: feet of w ater. A mean | draft of 22.5 5 cu. ‘ft. per sec. is . 
practical with a ‘storage of 100 acre-ft. at the mill site, near Potrerillos. In 
acity } Fig. 18, the hatched | area below 26 cu. ft. per sec. indicates used | water that - 
f the should be reclaimed at the mill. Water flow will fall below the requirements 
n the AD an we 
1 60 
ocal Er 
upply 
n this 4 
— 
Possible Draft 
with $30 Ft. Storage Storage at Mill Site 


13.—HyYDROGRAPH OF RIO 


* 


The author is to for the which the 
olutely final construction work was completed, and, in particular, he should be com- 
nostrils mended for the difficult o organization work and effective training of i inexperi- 
similar 7 enced labor and oo economical results obtained by skillful supervision. 
-under- E. E. M. [. An. Soc. ©. E. (by letter), 
haat ay, “piled by 3 ‘the writer might be of interest in comparison with those tabulated by 
ure and At. Saunders. | This particular undertaking was not a new pipe line, but con- — 
mewhat “cerned the construction ¢ of looping lines to increase. the capacity of an ame 
* every _ The line in question was 55 miles | long, 47 miles | of which was 9-in. pipe 


and the remainder, 6-i in., with all screw couplings. ‘Its capacity, had been im- 
paired about 30% by nodular incrustations, and at one section the hydraulic 


grade had fallen below the level of the pipe. ‘The measures taken to a a 
ae 3Chf. Engr., , Green-Muth Bldg. Corporation, Rockville Center, N. Y. ; 


' 
ble Chilean laborers are strong and capable and, in many ways, remind one — a 
rete of the Japanese; they are short, stocky, and able to carry large loads easily _ ti Be s 
- 
ade- | 
age, 
sec., 
i, 
iJ 
|. 
— 
pampa 


¢ 
RUDOL PH ON LA OLA LINE Discussions 


= 
portion of th consisted of substituting a gection of new 9-in. 


pipe f for the 6-in. pipe at one location and a section of new 12-in. pipe for the 
5 9-in. pipe at another. 7 In each case the pipe that was removed was relaid beside 
line in 1 the adjoining section, this division of flow between 


ta 


lost ¢ capacity 


explanation 1 of certain units in as tabulation: A 


Item 1 1 —The « cost of housing and feeding a laborer i in | camp was about equi al 
wNo.| 
was considered part of the general me.) 


| 


to the ave average paid. As this expense 
overhead, it has not been charged against the ‘various units. However, it can 


— , be distributed by doubling the units for labor ‘under each of Items 3 to 10, 


2—The unit cost of pipe would appear high | as compared to costs” | 

given by Mr. Saunders was partly due to ‘the large number of specials 
RL 

required. work of greater 1 ‘magnitude, and on ‘which larger’ sizes of pi 


were used, it would undoubtedly have been advantageous to assemble the pipe 


in the field as described by Mr. Saunders. 
Item 5.—The trucks hauled a average loads: of 2 tons on outgoing trips and 


at. bo, 


Item 6.—The average length of haul for each pipe, after being 

from a truck, was 0.65 mile, of which about one-third was accomplished by 


ar: mules and | two- thirds by hand . This hauling was in ruge ged country, on ‘steep 
ive slopes. of canyon enclosures” for the greater part The ‘cost of hay and g 
for the mules was $0. 51 per animal 


Item 10- —Motor- truck haulage on this work : alcatel large savings, but it 


did involve considerable road construction. Such roads were build in large 


. 4 part by merely driving a truck over the barren pampa to consolidate t the sur- 


face materials, and by removing projecting rocks. _ Grades as steep as 15% 
7 At a dry canyon crossing the new road showed a tendency to 


become blocked by snow drifts, and it was found to be cheaper to relocate 
the road, than to shovel snow from the earlier loca tion, 
d 


High labor ‘turnover ¥ was s experienced. Little difficulty was ‘encountered in 


of the winter Chilean workmen. sought employment where lodeine 

and board | were free, even if it did involve living in tents at an “elevation of 


* 000 ft. In most cases, such enthusiasm | lasted only until the > first pay day. #4 
Later, 1 the depleted ranks of workers were in part filled with native Bolivians, Tema: 


more exactly, Indians, from. the small farming centers of the mountain 


These ‘ ‘pueblos” exist upon the community, system as in the days of 
the Inca, and they have little, if any, connection with the outside world. It 
was ne necessary obtain: permission from the head of each to 


_ One would have expected that accustom ed to the altitude 
the severe climate of the Andean } highlands, would prove far 
the : average ‘Giles laborer. wan. not the case. _ Generations af 


AN 


inbreeding worked its effects ‘upon the ‘Indians. 
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and more bonus” their contracts, the Indians earned their 
— day’s pay. y. As the job neared completion, it was the Chilean laborers his had 


IST’ “Loopine’ Lines FOR INCREASING 
Capactry of OF Tocoxce ‘Line SUPPLYING Caveu ICAMATA, CHILE, 


¥ 
-Aprit to SEPTEMBER R, 1927 


Unrr Costs, 1x Dounars 8 PESOS) 
Materials | Labor Expenses Total 


if 


Cost of maintaing men in camps perman-day: 
(a) Camp supervision 5 0. 03 
(b) Food and water $0.62 | O11 $ 0.01 | 4 
Fuel 0.08 | 0.01 0.01 
@ Camp maintenance, including depreciation of i = 
equipment 14° 

fe ' Transportation of camp equipment 


‘Total. ‘ (0.78 


Cost of new pipe, unloaded from cars per | $ 0.04 -08 8.72 

[Cost of new pipe unloaded from ears per ton. 162. 00 = 

3 Cost of uncovering old pipe per 

Cost of taking up oJd pipe per 


I crack haulage per ton-mile 


of haulage by mule and by hand per ton- smile... 
7 (Cost of excavation per foot 


\Cost of pipe-laying 


- 

|\Cost of covering pipe p 

in 
nning 

dging 11 Engineering and supervision, percentage 
jon of 

y 
iv Temained snow and wind storms, constructing pipe lines 


untain on exposed mountain slopes. T he Indians had returned to the less rigorous” 
life of repairing their irrigation ditches, down in the 7 


altitude 
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AMERICAN. SOCIETY. OF CIVIL ‘ENGINEERS, 


TESTS OF BROAD- 


Boris A. BAKHMETEFF, ‘AND D. D. Curtis 


Bois A. M. Am. Soc. CO. E. (by letter). The tha 


“ser are offered with the ; sole purpose of further elucidating the phenomenon 


described in Professor Woodburn’s valuable paper. 


“Theory” of F'low.—The author defines the critical depth : as one “at which, Ea 
for ‘any giv en total head, the discharge is a maximum”. A tt was Bélanger who, — 


nearly ‘a hundred years ago, first suggested the postulate of “maximum dis- 


charge” > as a basis for the of flow over broad-crested weirs. Given 


2 
the total head, H and ac 


a “crest sutiiciently. wide so that flow. 


become ep ig. 17), the depth, d, is supposed to establish, itself in such 


: %,, th n fant, designating the relation of the dep th, d, to the head, H, as ‘‘ 


WY 


‘ 
3 


and introducing a “velocity coefficient”, ds to of the hydraulic 


losses which occur between Sections and the velocity, v. and the 
charge, q ‘per unit width in Section B will be: 
Designating the coefficients” in the “usual weir formula by 
Hi = MH} 
9 10 é E., was published in 
September, 1930, Proceedings. Discussion of the paper has appeared in Proceedings, as 
follows: October, 1930, by H. W. King, M. Am. Soc. C. and 1930, by 
Sherman M. Woodward and David L. Yarnell. 


aed Nors.—The paper by James G. Woodburn, Assoc. M. Am. Soc. C. 
» 

1Cons. Engr., New York, N. Y., formerly Prof. of Hydr. and Hyar. Eng., Polytechnical 

Inst., St. Petersburg, Russia. 
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BAKHMETEFF ON TESTS OF BROAD-CRESTED WEIRS 


comparison with E 5 


1 
| 


STREAM FILAMENTS IN UNIFORM FLow 


Obviously, the “maximum discharge” is reached m in Equations 
and (7) is’ a ‘maximum. For a a given form of the entra edge, may 
“be assumed to be unchangeable. By writing 


0 


4 the maximum discharge is found to occur at K =F irrespective of of eo om other 
words, if the maximum discharge were to govern, the depth, d, near the end of 


: the crest would be d = — H for any type of crest, irrespective of its length, 
roughness, or the form of the entrance edge. 


| is in contradiction to observed facts. _ Professor Wood 


burn’s profiles (Fig. 4), and other experiments,” show K to be less 
two-thirds. Moreover, the value. of K varies with the conditions of flow. For 
rounded entrance edges, under average conditions, Ki is near 0. 63. . For sharp 


entrance edges” and relatively | long crest, the value ¢ of E is ne nearly 0. 6 and 


Cognizant: of the > discrepancy between the | traditional theory and experi 
ment, the writer ‘suggested some years ago that investigators should ‘approach 


problem from a different angle. ‘ ‘Energetic” considerations were to be 

“applied. Fora given total head, H, a depth, d, and the ‘resulting ‘discharge 

"were assumed to be such as to make the contents of energy rin Section B ‘the 


# See, for example, Water Supply Pager 200, U. 8. Geclogtenl Survey. 
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a dis charge, Q, a uniform and with 


9 

bottom 


which i is the energy he head (energy per unit weight) referred to th e 

line of the cross- -section. on. The factor, a, in Equation (9) is the cross- -sectional 
= at at the depth, i The graph of «, which features the contents of specific 

energy as it changes under varying depth, has the shape illustrated in Fig. 19. 
The energy curve is tangent to the horizontal axis and to a straight line, , drawn 


through O at t and id passes: s through a minimum point at C. 


7% 


; 


é (Energy) 


other 


The at Point is the critical | 

sngth 

tt are} 

energy per unit The energy curve, as shown in Fig. 19, 

Wood: which has proved ‘to be of incalculable : service in considering different prob- | a 

| than lems of varied flow, has been | discovered and presented in different countries" 

by different hydraulicians seemingly independent of each other. In the United 

‘States a lucid « exposition has been given* by Julian Hinds Am. Soc. C 

In Germany, Professor I Rehbock alludes to a similar curve. Ih Russia, the 

—_— "energy curve was introduced | by the writer® in 1912 and, as far as he is aw are, 
perl’ @ that was its first appearance. For a canal of any form, the critical depth is 

> to be "determined the equation, a is the cross-sectional area, 

and b, the width of the surface at the ‘depth, d For a canal, the 

Bethe critical depth is related to the discharge | per “unit width by the well- 

formula used by Professor Woodburn, = 

— ormula use y Professor Woo oF) set lieth 

rg, 


| “Betrachtungen’ fiber Abfiuss, Stau, und ” Berlin, 1917; see, , also, 


— 
= 
= 
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Discussion 


the energy ‘diagram, Fig. 19, flow over a weir is by 
- movement from an i initial point, . A, corresponding | to the energy content, q 


down the energy curve toward Obviously, in its tendency 


we 


place inerease , an of « energy 


‘Lane Thus, the critical depth (that at which flow takes place with a possible 


minimum content of energy), appears to be the natural limit, to which the 
_ surface level may lower, and which will establish itself at the end of the crest. 


analytical: relations between the “different parameters of flow may be 
llows: The discharge in Section B, with 


‘Bauation (5) and Equation (6), 3 is 


i=) 


Tl 


The con ition of minimum Ceritieal depth) is expressed, follows: 
‘gi 


g 


= 


the the the relation between K and the velocity coefficient may 


which gives, K= = 
It should be noted that this analysis applies to crests that are horizontal 


inclined at a slopé ‘not exceeding the | “eritical ‘slope? For slopes” beyond 


the critical, the very nature of the phenomenon changes, as outlined sub- 


sequently. Curves for various “numerical values of Equations (14) and (15) 


ag The factor, 3, is a “ “resistance coefficient”, obtainable from m the | relation, 


i 


to the ‘ “maximum discharge” theory, K is ‘no longer 
constant. In the “ideal” ease, ‘with =1 (no losses), K is two-thirds. Under 
actual conditions, with ¢<1, K is less than two- thitds. The greater “the 


losses: the smaller the relative value of K. carried 
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From Equation (12), m = —; K =_v/2 m’*; and, 
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uring 1918 im th 

of 


1 


relative of the crest, is considerable, is seldom ‘parallel’ in the 4° 


sense of the paragraph a ‘pig A large part of the surface is covered with * 
_wayes. Moreover, the ‘surface | at “the end of the weir is usually marked by 


wi 


fo) 
= 
> 


This locus i is assumed by themn-to to lie i ina a section, such that the depth « of Rew “ 


@ Ate 
a hich, d’ or 18 the “apparent” critical dept th. 


6 The main point to be taken into account in this connection is that the 


critical depth as defined by Equation (17) is determined under the : assumption — . 
of parallel flow; that is, flow in which the stream filaments are practically a 


at Gk 

P parallel, having “no appreciable curvature nor div ergence” These require- 


‘ments for flow being ‘ ‘parallel”, which underlie the whole theory of varied — 

flow, were formulated by Walenmer as early as 1828. ‘ In this case, and only i in 


— 


a —, in | the Bernoulli equation is identi 


aboratory of the Polytechnical Institute _ 
1 on the whole appeared consonant with 
cy 
est 
ike 
ich er 
ich 
bie | 
7 
the 
095; — ——— 00 30 
ia Effect of Curvature on the Critical Depth—Professor Woodburn and Pro- laa 
_ §f fessor Webb both seek to determine the locus of the critical depth as a means #§§ 7 
— i 
(15) 
ation, 
‘Ss 
— 


as gi en in Equation (9). “The physical characteristic of parallel 
the pressures within a “section are distributed according to hydrostatic 


law, the pressure diagram being the hydrostatic triangle abc (Fig. 21). 
Now, if the surface and the stream filaments are curved, the pressure : 


z ie diagram is no longer a triangle. ; ‘Centrifugal forces come into action, which 
concave filaments (Fig. 22) bear downward, thus adding to the hydrostatic 


pressure and changing the triangle into abe” convex filaments (Fi ig. 
centrifugal forces are directed ‘upward; the hydrostatic ‘pressure ‘is 
by 
imi ished and follows the curve, oe if the velocities and the curvature 


2 are substantial enough, ‘the pressure at the bottom a may change into a vacuum. 


the velocities and vice versa. ‘Therefore, the “ideal” rectilinear veloc 


diagram of Fig. 21 is modified into a” b” and a oe in Pi 22 and 23. a 


The ; avera e contents per 


bi 


now the distribution of pre and 


met case of a canal, nace’ bottom of which i is laid on a circle of ‘radius, 
Ro (Fig. 24), ‘under the further assumption that i in the vicinity of the vertical 
s section, oab, the filaments form concentric circles with a common ‘center of 


curvature 05 and, moreover, that the motion occurs in conformity with 


he the law ‘of the ‘so-called “ “free vortex”. . In this “case, in th well: known, the 
: velocity i is inversely proportioned to the radii, so that vR isa constant. ¢ In 


the case ° ig. designating surface 
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(21) 


: 


= 


he 
tic 
~ 
m 
ing 
adivs, — 
4 
rice 
n, the 
t. (2) 
(26) 


— of B are ‘in Table 


TABLE VaLuzs OF 


B for concave streaming 1.063 | 440 mack 


for convex streaming 0.958. | 848 0.8 2 


energ ent (at is 
within the is y +> 4 Now, free vortex is_ 
-jrrotational flow with a veloc ‘ity potential. In such case the Bernoulli constant, 


y ser + — lel an identical value for the entire body of n moving liquid. 


Hence, ‘in the section, oab (Fig. 24 (b)), the specific energy at all points is ; the 
same, and thus to the” surface stream line. he specific 


{ 


critical depth ‘may now be as the at is a 


2 The actual critical depth in -conoantzic: curvilinear motion is | thus larger or 
smaller than the apparent critical depth, d ers defined i in Equation (17), by the 


---“*Tn eurvilinear motion, as it occurs in actual practice, the various 8 stream 


filaments | usually have different centers rs of curvature. F or example, at the 
of the weir in Fi ig. 25, the e surface point, has beng greatest curvature, 


=¢, The average 


when 
fli ime 


f 


Conve 


small 
In 


theor, 
“reach 


| 

«CV 
a 
a 
— 


ation, 


energy of flow and the critical ious may still be represented by at 


ees to Equations (28) and (30), but the \ value of B will be different a a 


that of Equation (23) or Equation (27), and will obviously lie between the 


value of ; , corresponding to the extreme cury rature of the surface filaments, 

B= 1, to the bottom point. Finding the exact value of 
presents in most cases a and thankless venture. The foregoing 


analysis, however, clearly shows, that whenever the surface is curved, the real | 
| value of the critical depth is substantially different from the ‘ ‘apparent” — 


. corresponding to parallel movement and that such apparent value may not be 
used in. hy ydraulie re: asoning without due regard to the actual cireumstances of 


flow. w. Combining Equations (28) and (3 30), the 1 result with d = der is the value . 
of Emin.» , the minimum possible contents of ‘energy, which a discharge, q: carries 
in criti flow in curvilinear motion ; ‘in fact 


a 


‘ 

A 


‘he minimum energy in parallel flow, ‘min, .5 is derived 
Equation (81), assuming b= 1 Equation (81) shows that, in 


motion, is different from in parallel flow. It is greater ‘with > 


when | the streaming is: concave, and less. with vie 1 when the elementary 


reference to the energy diagram, Fig. 19, this means, for example, 


cs (0) that f for convex flow th the location o of the point, Fg ‘(determined by mt and emia. do 
. (30) § 
ee will be to the left and below Point Cc corresponding to par allel flow. Because of | 
yer or fm convex streaming, critical flow will occur with a smaller depth and with a 


In this light, one may reconcile the apparent contradiction. between ‘the 
stream ‘theory, according which the minimum contents ‘energy were to 


at the ‘Teached at the very end of the crest, and the observed fact, shown, for 


¥ 
verage 


example, in Professor Woodburn’s profiles, Series A-B-C, (Fig. 


i 


‘that the critical depth, found | to lie at some distance from the 
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end of the erest. Referring to Fig. it is seen that d’,, be prop- 


rly reac oT in Section B, where the 1 parallel flow is supposed to end, bi but that 


a fl flow may continue with a further loss of energy between Sections B and C, at 
i the expense of a further reduction of “energy, I made possible by the fact t that the 


= 
surface becomes ‘convex, with the curvature increasing as t approaches the is 
life 


Equations (13), 1 B, which tl 


usually is is very close to the end of the « crest. 2. 
is s further evident, in the light of the foregoing reasoning, that any _whiel 


device which may reduce ce the c curvature, will result in bringing the locus of — “as gi 
apparent criticel depth nearer the end of the crest. 1 Thus, Professor 
Woodburn’s profiles, Series, DA Figs. s. 4 and 5), show: how the addition of Tr 
apron, and particularly the backing up of tail- -water, has the effect stated deter 


Another instance, which may be usefully considered, is the 4 fact well known 


ers ‘from ‘the theory of varied f flow, namely, that whenever the surface passes the partly 
critical depth, there is ‘an inversion of curvature. For example, in Fig. 0.004, 
¢ -C divides the upper convex from the lower "concave part of the surface slope 


= 
curve. At the F point, -, where the i inversion of surface curvature takes lace, proces 
p 


= the radius « of curvature is infinite. Assuming - that the inversion of curvature critie: 
a 4 inside the stream takes place in close proximity to the section, C’— 0”, the 
a movement at the intersection of the s stream | lines with Cc’ — 0” will be close 


to parallel, and B for such | section will ‘approach p= =1. This explains, to 
“some extent, the location of the critical depth in Fig. 

Waves on the Surface Over the Crest. —Under the caption, | “Location 


Critical Depths” Professor Woodburn records interesting data relating to 
Bt "the formation of waves on the surface over the weir. The theory of varied 


flow: gives a sufficiently definite answer to this question. In general, it 
stated, that waves will form or will not be present, depending on whether 
the slope of ‘the crest is smaller or larger than the so-called critical slope: Bb | 


, p being tbl 


wetted par db, the top width, and the coefficient corresponding 
toa given depth of flow. . For the rectangular flume with b = 2 2 ft, experi: 
mented upon, with C computed by “means of the Ganguillet Kutter 


; ow ith n = 0. 011, the critical slope for the different depths is, as follows: sah 


10. 
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is 


from the study of the forms, which 
assumes in the process of establishing a flow, given we Boussinesq® With 


reference to the particular case under ‘consideration, ‘the deductions be 


Ww wcll with observation, would be as as ‘follow: 


— 
—When is less than Sor so that: the moment w 
is “tranquil”, meaning a a flow which, with the slope as given, would lead to : a 
uniform ‘Movement with a depth greater than the critical, then the surface 
in the transition section will be undulated. he 
—When on the other hand, with 8S versal | the movement 


which is in process of establishment ; is | “rapid” (meaning that with the ai 


as given, the depth in uniform movement will be less than the critical), then the 
transition | section will feature one inflected curve with no further undulations. 
Tn 4 the slope i in 1 Series D E, &8= 0.026, far in excess of as 
“ae Accordingly, there are undula- 


0 < Se), and 
Series D DG ‘register undulations. By the slope, 


0.004, vused in D and DG is practically identical with the. critical 


slope as given in the foregoing list. Therefore, the e movement, which is is in 
process of establishment, is a uniform movement with a depth | equal to» a. 


critical. is the reason why i in these s series the surface curve pendulates: 


around the critical depth, and seems to a appear repeatedly in in the same profile 


_D. Curtis,” Assoc. Am. Soo. (by letter). importance 

‘of various forms of weirs: as means of discharge is manifest. In 
‘particular, broad- -crested weirs—because of several advantages, and perhaps 


Perry. 


more because of the comparative scarcity of data available—furnish especially 


» 
interesting topics for investigation. paper, therefore, is timely. 


The writer was engaged i in an experimental study of a round- crested 1 weir, \. 
operated chiefly under condition of submergence, in the Hydraulic ‘Labora- 
e tory of the University of Iowa during the summer of 1930. _ Although the 


work was undertaken for purposes different from “hose Professors 
(32) 


and Webb, a comparison may prove of interest. 


ab weir, 18 in. high with a circular crest of 9-in. radius, was installed i ina oe. a 
ig 


nding: class channel ft. wide. ‘The up-stream face had a slope of 40° and 


peri the down-stream face was a movable apron, set at angles varying from 10 to 
degrees. The quantity of water ‘was determined from readings of the head 

a sharp- -crested rectangular weir, which had been previously 
volumetrically by Mr. E. Nelson, of ‘the U. 8. Army Engineer Office, . 
| St. Paul, Minn. Velocity readings were taken with a Pitot tube designed and — ee: Pe. 


made in elevations w were, read with a ‘movable 
sur la théorie des eaux courantes,” Paris, 1877 ; 3 also, l’écoulement 


_ ™Prof. of Mechanics and Hydraulics, Clemson Agri. 
by the ‘Secretary, January 12, 1931. 
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CURTIS ON TESTS OF BROAD-CRESTED WEIRS 


Fig. 27 shows the water surface profiles for a typical series of runs. — 
this set, ‘two runs show depths | greater than the critical and three were adjusted — 


so that flow occurred at the critical depth i in each. —— at whieh « oe 

depth existed are indicated by small circles. 
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With the steepness of the aprons used in these experiments, it is indicated 
“that the error in discharge, due to assuming critical depth - to exist at the 


of the. actual positions, might range up to +6 per cént. This, of 
course, is too ‘inaccurate to be of value except where the most approximate 


a) 


results, would be sufficient, and it demonstrates that this type of weir is not 


_ suitable for the determination of discharge from measurement of f depth in one 


= plane if this depth i is assumed to be the critical one. ai sais mae 
a “Manipulation of tail-water height and quantity led the writer to beliteve that 
a condition of flow might persist through a greater degree of change on rising 


stage than on falling stage. For example, the unstable conditions “accompany- 


ing eritical flow might 1 not become apparent so quickly when the water stage 


was rising as it was falling, apparently indicating greater ‘stability under 


rising than under receding waters. If ‘this is true it is necess ary for the 


f experimenter to exercise some caution in adjusting the flow to meet any definite 

a condition he desires, particularly if what he is attempting is a stage bordering 

ase _iTti is to be sae that these studies will be followed by others on this type 
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u face far thest from the loading point, particularly at the higher stresses, again 


STRESSES IN SGRANIEY | DAMS BY PRINCIPLE OF 


Frep. w. Eny,? M, Au. E. (by is to 

opening the discussion of stresses in gravity dams. 

attacking the problem from a new angle he apparently has proved that the 
vertical pressures on a horizontal plane ‘of a gravity dam do not vary -ina 
‘ Jinear relation. . The eimai of the arch dam has withheld from the gravity 


dam the consideration it “merits, particularly as more than: twenty 


JR. 


incorrectness of the assumption of linear stress distribution. Attention also a 


-may be called to some recent tests of 8 by 8 by 12-in. prisms loaded at the 

edge of the middle third of the cross-section, made by Slater and Lyset 
connection with studies for determining the c compressive e strength of con- 
crete in flexure. These are. of interest in ‘that tension as indicated on the 


yea have passed since in 1909 the first English model tests suggested the = 


indicating a non-linear stress distribution. OR 
B aia Further study may i indicate that the author’ s stress equations require some 


modification. The results. disclosed by the computations and graphs 
_ some very startling results which suggest that Equation (15) may not be of | 


the proper form to represent the stress relation correctly. At least, the com- 


of the total elastic work | in some selected examples, using a basic: 
equation of a different form, w ould throw additional light on the problem. As 

the author ‘states, solution is only an approximation, limited 

the equation assumed for My i is not a general equation, even for the 

— limited number of. terms, since ‘all the e expone nts of x are positive integers. ee 

_ There is some indication that fractiona exponents might give results more , a 
There is sc lication that fractional ts might. Its ‘a 

line with the results of theory and experiment in the flexure of beams tet’ fise 2am 

re! Norz.—The paper by Bd F. Jakobsen, M. Am. Soc. C. E., was published in September, a 

1930, Proceedings. Discussion of the paper has appeared in Proceedings, as follows: Sep- . 


gq _ tember, 1930, by the late William Cain, M. Am. Soc. C. E.; November, 1930, by Messrs. 


William Go Gore, Lad. Mensch, Johannes Skytte, and Lars R. Jorgensen ; am January, 1931, by 
Messrs. C. A. P. Turner, Donald P. Barnes, and Anthony Hoadley. 
12 Chf. Designing Engr., Hydr. Dept., Aluminum Pa. 


18 “Gompressive Strength of Concrete in Flexure as from Tests of Rein- 
forced Beams,” by Willis A. Slater, M. Am. Soc. C. and Assoc. Am, Soc, 
C. E., Journal, Am. Concrete Inst., June, 1930, p. 83 
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ON STRESSES IN GRAVITY 


to Fig. 6 the shape of re curve for bending stress with w - 
ppears to be somewhat inconsistent with the assumption | of similar a 


ro perties in tension and compression. assumption would logically woul 


num 
= axis. ‘This would be i in line with the stresses" in ¢ a beam after the cena 


°%, has reached the elastic limit™* and also with the ‘S-shaped foundation deformation | 
mentioned by” Vogt. 15 5 tendency in a this direction is “indicated in 


plotting of the of the English tests, as shown Section 5-5 


5 of ‘Fig. 8. __ The apparent inconsistency of the shape of this curve as well 


(15) cannot represent the properly. 


a, » The writer has w vorked through sev eral numerical examples by the author’ Ss 
: “method, which indicate ‘that, for a triangular section of an average specific 


weight, a base width of approximately | 81% of the height would be required 
prevent, tension at the heel, even ‘disregarding uplift. If this stress dis- 
‘tribution is correct, practically no existing gravity. dam is free from tensile 


and, in the majority” of gravity dams more than 150° ft. high, the 
tendency toward tension would be so great tl that the horizontal joints must have 
“pened at ‘some elevation, thereby assuring uplift which ould tend to extend 


ne the cracks. 4 The freedom from excessive leakage through the drainage wells 
_ which have been placed in many high dams, casts 4 further doubt on the cor He 
In order to obtain a more comprehensive. insight into the stress distribu- 
tion under the author’ assumptions when applied to less usual types of section 
the writer extended the method to include dams with a sloping up-stream a face 
ay and has included i in the general equations the effect of uplift. The additional — 


nomenclature required is as follow (see Fig. 21): 
= minimum value of 2 for any given of y (negative for the 


= batter of down-stream face (ot equal to - vie 
poss water pressure in masonry units = - Ponty 
p 
distance from up- -stream face to point where pressu 
vith ‘= proportional part of the base, ‘perpendicular to the plane of the 


paper, over which uplift pressure is to 


% a The uplift. ‘condition assumed is that of full hydrostatic pr pressure at the 
heel, ‘decreasing by a linear relation to zero at some distance from the heel | 


where the dvainage system is ‘assumed to offer full relief. For the usual 


See Féppl, “Drang und Zwang, ” Second Edition, Vol. 2, p. 297; also, 

eng 4% “Ueber die Berechnung der Fundamentdeformation,” Det Norske Videnkaps Akademi, 


a Oslo, 1925; see, also, Love, “A Treatise on the 2 arr ee Theory of Elasticity,” Fourth 
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of “full uplift, and =1. It may ‘be noted t that e and 


- would be positive in numerical value for an overhanging up-stream face. ro: 


An outline of the method of deriving the general equations, together with 


‘numerical results for one example, is given. : 


Water Surface x iia Mele 


paar 


Ky=bx«e 


4 


on the “assumption of Equation (15), the vertical reaction of the 
fy undation (or pi part of dam below any y horizontal plane) at point, a 2, is 


y+ Bu+C—+4+F 
ERE 


To obtain the vertical — in the on merete the uplift, pre pressure at oe 
point, py | , must be added to the value of p in Equation > 


is). 
— 
n 
— 
— 
— 
the 
the — 
heel 
4 
sual 
— 
jemi, — 
— 
| — 


Discuestor 


acting to. the right of a: vertical plane J-Jd, vile: 


requirements for equilibrium | of the severe red portion are: 


p de x 


in which, w 7 ‘is the weight t of the severed portion to the right of ‘the plane, 


J, and is the total : shear. along the » plane, J-J. portion within the 
should be considered only when a is less th than (ut 


The intensity of shear at the point, will be, 


the fore 


ces 


an 


| 


nr. 


A of Equations: (4D, (48), (49), (50), and (51), gives” the fol- 
stress relations in masonry units for ‘the general case: 


= A y+ 4 Be + ‘al pe p y x 


=A K? +B K* y— 


K 


(uw 
For values of 2 x greater than. + e), the bile ‘of. Equations 
o (54), inclusive, must be omitted. . “When no no uplift is. assumed, A= 0, aol 
he last term of each equation drops. out. 
The corresponding to Equations (3) and (4) | are: 7 ao 


4 
— 
— 
and, 
aa 
be repre- a ve 
and 
=AGKy—o 
ae 


and (20) are the limits of 


‘computation is in por than for the case 0 


a vertical: up-stream face, but it is lengthy rather than difficult. ge een 


.— The following equations show the stress relations in masonry 1 nits for a 


speci case, in which, ec =0;—=0. 80; k = 0.60; e, = — - 0. 20; p = 0.416025; 


= — 0.47905 y — ae 4.0734 —2. 4214 


3: 


0 © 50 
from Heel | in Feet 


The stresses, “from ‘Equation (60) 


“Square inch, are plotted to scale in Fig. 22, shows the Ny-C 
“tsection 0 of ide ti al base width, b but with a verti 1 up-stream face. A com 


hese modified equations together with Equations (55 
quations (55) and (56 
suffice 
(50) 
(51). — 


tions is shown i in upper 


curves: in Fig. 22(b), throughout the up- 30 ft. of base width, The con- 


ditions at the heel are more favorable for the inclined 1 ‘up- -stream ms: as com- 
96" to a vertical face than would be the case with linear stress distribution. — 


if the stress distribution assumed i in n Equation (45) is ‘confirmed by — 


£ 
g 
= 
5 
£ 
3 fl 
” 
3 20 


ds per Squ 


in Pound 


equation ‘of ‘stress distribution and also hope t 2 an early date to test ¢ a aed 

of a “projected high dam, which yield ‘some interesting 

nstructive results. The question is one. of such vital importance in con- 
that it is hoped further "discussion of the 


to engineering science, it directs to cert 
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Nevertheless, it i is of si because cause it points the way to Side “progress a 


to notice some common errors. errors. 
- The manner in which stress acts on and through bodies of various kinds i is 
unknown i in any exact sense and no general ‘solution is possible until far more 


bin of the molecular state of matter. | Moreover, stress acts in three 


- dimensions and not only in two, as assumed for convenience of computation 


this paper. The difficulties of the problem are very great, 


knowledge: concerning and this can be overcome only by long 


extensive laboratory research ; there i is no short cut. ve 


The theory of “least wor ork” is apparently a sound and scientific ‘method of 


conclusions of value ¢ can n be determined from its application, 


The present ‘methods of treating stress distribution in structures are well 


“this fact be fully and constantly recognized by parte engineers, 


‘The: e so-called elastic. theory i is such a case and it should never ™ pee 
“outside ‘the known limits of actual experiment, A definite “modulus of 


elasticity” is a mathematical fiction in so far as it. represents a a positive eoondi 
tion of a material. _ Over any considerable | rang 
variable and at best the modulus is merely a constant of experiment, its 


correctness being limited to the special physical conditions and dimensions at 


Concrete is is elastic in only a very limited way. It is halite distinct en ae 

but rather an artificial conglomerate of which little is known in a scientific 
ke 

sense. qt has no true clastic limit, and it Sows and yields inelastically yunder 


ncre 

state expands and its and clasticity materially change, while time, 

“temperature, stress, and vibration further alter its character. ‘Thus, it is idle 


‘to at attempt an exact general analysis of ‘stress distribution i in an uncertain — 


mass, such as a dam, as long as ‘the profession remains s intensely i ignorant of ba 


the basic facts concerning | stress in highly ‘uniform and far 
materials, 


resent the design he gravity dame is purely empirical ; attempts to 


e it is quite commonly a 


many failures. “Unfortunately, has been a tendency to 
follow a fetish and to place pve reliance on al margin of safety in one 


particular only, while overlooking entirely, weakness i in other directions. 


modern gravity dams of concrete, having triangular sections and bases of more * 


than tw vO- thirds t] the height, provide good margins of safety as to stress, but all” A 
too frequently they are close to. the danger line i in other respects. The proper ots 
limiting of stress in gravity dams is ‘important, and, in future v very high 
nental et may control; but for present- -day structures, it does not enter to the same © 2 
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THEORY OF SIMILARITY MODELS 


By Messrs. A. V. Karpov, O. DRArFIN- bag 


A.V. K. ‘Kanroy,"* M. Am. S Soc. 0. ©. “(by letter). 13¢__ use of models i in con- Pa 


nection with engineering studies is n not a recent development; it has become ¥ 7 
" extensive only in the past few years. = The advent t of aeronautics and the suc- 


f cessful use of ‘models in the investigations « of the complicated problems of this 


new branch of engineering have brought out the importance ‘of model studies. 


This is true not only in aeronautics but i in many other fields of engineering 


endeavo ‘and started the general egal of the extensive use 0 models in 


involved engineering studies and investigations which is evident to- day. 
we ine 


The excellent presentation of the underlying theoretical principles of model —_ 
‘eciamae: by the autho hor w will probably do much toward the removal of the mi: 


qonceptions! that are 80 common in the model work of the past. Mr. Groat 
- tincusies the models involving | dynamic problems, w hich are naturally the more 


ih connection 1 with the arch dam investigation that is being conducted by the 
mpany with which the Ww writer is connected, it was necessary to determine 


~ the conditions that will | govern the building of a model of an arch dam, in 
ee to study the structural and design problems arising in this investigatio ‘- 


Mi This work stresses not only the theoretical aspects of the problem, but the | 


practical o ones as well, and i is included in this discussion in its entirety. — STUD Bet 


rH Similarity Conditions Between an Arch’ Dam Model and Its Prototype— 


Past experience in solving complicated engineering problems by model studies 


on 10t only justifies the use of models, but shows that in many cases the on nly way ‘ 
in which reliable results can be obtained i is by making s proper model studies. 


. The first step in making | such study i s to determine what, in the weaoeeting 


sense, is a a model. . A very common conception, even in engineering circles, is — 


7 that any "representation of the prototype in an arbitrary scale is already 
1 model; but from the engineering point of view, a scalar representation of the | 


. ‘Prototype | ean be called a model only when, from a study of its behavior, co on- 
 iniensin can be derived that will disclose the behavior of the prototype. This 
c __ Norr.—The paper by Benjamin F. Groat, M. Am. Soc. E., was published in October, 
1930, Proceedings. Discussion of the paper has appeared in bo Baan as follows: January, | 


Designing Engr., _Hydr. Dept... Aluminum Co. of America, Pittsburgh, Pa. 
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_KARPOV ON THEORY OF SIMILARITY AND MODEL 


means that a 3 is to exist between the behavior of the model 
and prototype, which necessarily must be ‘el a , rather simple nature and which 
is ; brought about by the fu ilfillment of the similarity conditions. 
These similarity conditions are governed by the purpose for which the 
~ model study i is to be made and me may cover a a wide range of different requ require- 
q ments. In a number of f simpler problems the only similarity condition to be 
7 3 met is the | proper ‘scalar - representation of the prototype ; in more complicated 
~ problems ems additional requirements will be included and there are still other prob- 


@ _ lems in in which the similarity conditions will require that the model is not 


a true scalar representation of the wnakebyes. In many cases the e relationship 7 
Py - oo the properties of the material ¢ or materials that are used in the proto- 


i type es in the model is covered by similarity requirements that may be of no 
7 importance than requirements covering the geometrical relationship 


between the shapes of of the prototype and the model. 


The scope of the similarity conditions depends not only on the 

: =a itself, but often, tc to a larger extent, on the kind of ‘information that is to I be 
obtained from the model study. The ‘similar ity conditions may be simple if: 
i the study is restricted to the influence of some main factors. With the increase 


ahs of the number of factors that are to be included i in a study the similarity con- 


ditions i increase very rapidly in number and in 


‘In studies of the more complicated structural problems ‘practically every” 


a ing model represents a certain ¢ compromise between the 2 rigid theoretical require- 


ments and some practical considerations. edt 
ae i an ‘The cost of the model study measured in terms of time and money is the 
— most important of all the practical considerations; if it could be neglected, 

the best: possible model on which to make the studies would be the prototy oe 


‘it 


ae ‘aan The > following : analysis of the similarity conditions of a model of a sim 
supported concrete beam will serv e as an illustration : 


: @ pol —If the purpose of the study i is to determine the deflections and stresses. ; 
of a beam under uniform or concentrated loads of such character and 
magnitude that the deflections due to § shear and the dead weight oi of the beam : 


can be neglected, then the similarity conditions can be formulated v« very y simply: 


% eevibinit “tal (a) The model is to be a true scalar representation of the prototype. 
on: rela (b) The material of the model is to be such that, in the range of — 
stresses of the model , the variations of the modulus of elasticity are 
similar to the variations of the modulus of elasticity of the material 

of the prototype in its corresponding range of stresses. 
he eolovig (c) The loadings of the model are to be proportional to the loadings 

a: xbe of the prototype, but no limitations apply - to the value of the model 


“ne B. —it the same study is to be made under ‘such conditions that the dead 


The specific gravity of the material of the prototype and of the 

ee 5 — (e) The loadings of the model are to be not only proportional to the 
ae ook loadings of the prototype, but the ratio of the loadings of the prototype 


Bee. and model is to be equal to the square of the linear scale of the model. 
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‘to 


 O—if the e study i is to be extended « so that it includes | the deflections hap 


baa. The of the modulus of in shear and of the 
etl of elasticity in flexure of the model material within the range of the 
= walife _ stresses of the model is to be the same as that of the material of the 
__- prototype within its range , of stresses. In other words, the Poisson’s 
-——- yatios of: the model and prototype materials are to be equal at cor- 


—If the same study is to be made on a reinforced concrete beam, then £ 


the aiponatatan of the reinforcement in the model can be so inconvenient 


that: the practical compromise would be to a model that: is a scalar 
representation: of the | prototype in its length « only. Such a model would have 


g cross-sections which would not | be scalar ‘representations of the prototype. It 


ow would ‘represent the reinforcement by | a proper increase of the size of the part — 


of the beam the ‘steel. 


Model § Studies A to D possible Ww be simplify the similarity conditions 4 
by assuming tl that the modulus o of elasticity and Poiaen’ s ratio of 1 the material 


of the prototype are constant and to choose a material for the model that is 
pont uniform, the modulus of elasticity and Poisson’ 8 ratio « of which can be e 


F—No restrictions apply» to the scale of model and to the value 
of the modulus o of elasticity. of model material, but for models that ‘satisfy. 


the similarity conditions in Model Study B, the following conclusions can i 
the linear scale multiplied by the ratio of the moduli of elasticity of the 
prototype and model materials; 


hi va — The stresses of the model are proportional to its linear scale. 
—It it is , desirable that the geometrical resemblance of ‘the model and 


prototype is strictly tetained efter application of the load, an additional 


4, prototype model i el is to | be to the e linear scale of th mode 
n- —If the model is to be tested to destruction then, again, an additional i 
(j) The: ratio of the moduli of of the materials of the proto- 


type and model is is to be equal to 1 the linear scale of the model. | 

(eh An arch dam represents a more ‘complicated problem than a si mply sup- 

ported beam and, keeping i in mind the | purpose for which the model study i is t woe é 


ty made, the problem can be stated in a general form, as follows: aan ae 
Determine ‘the similarity conditions of an arch: dam ‘model in which 


the deflections are to have some simple relationship w ith 
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“way would be to formulate tes theoretical similarity conditions and, later, 


to “bring them into 0 agreement with the practical requirements. No single 
method is known that would determine a all the similarity. conditions and the 


entire problem is to be considered from. different 4 points of view. The first 
and most formal will be the conclusions that can be derived from the splice 


of the ‘dimensional theory, but this theory alone’ by no means covers 


all similarity conditions ; “some additional conditions that are not based « al this 


theory, must be derived. 


Similarity Conditions Derived by Application of 
: he dimensional theory can be applied to the studies s of an arch dam model, a8 
follows: The deflection can be expressed 


tp = Op Bp ») 


= mass per unit of volume of the material of the dam; | ew 
4 


; mass per unit of volume of the : loading liquid of the dam (water); 
modulus of elasticity i in flexure of the material of the dam hoe 


length scale ; 


modulus of clasticity in shear of the material of the damn. 


and since is not a 


Expressing all the quantities Equation ns (66) in of mass, M, 
L, and time, T, of of a eb ailz 
ong outa, be sal ie eat 
The have the dimensions, L, and from Equation (66) the 


u 
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The followi ing equations be written equalizing the powers of L, M, 

+ 


@ * 


follows Hooke’s and that no buckling or 
“other disturbances which would distort the deflections occur sles 8 will be 
proportional to — and, consequently, , from E quation | (80),u = 1, and, 


Using the subscript, m, the deflections of the can be written simi- 


Yn m 


From (81) and (82), 


ag the ratio, 2%, in ¢ 


in (that i is, the ratio ‘the of the of 
structure to the loading fluid), it will become a model slang and, _— aboner 
oni to otis Am a iff PA 


In the san same W Ww ay ay from Equation (67), ste 


— 
ns — 
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— 
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since the dimension of fp is is M on: 


which, is ant unknown function. 


i 


Pat 
= 


Den 


> 


nece 


Cousidering, again, ——— ~ as a model constant, 


p/ 


r equations can be written: 


r t rrive at these equations the two. followin assum ions were — 7 
order oa it these equatic ‘wo wing assump 


- made, without which ‘the similarity conditions would be so complicated that the § Substi 


The materials of. the prototype and “model shall follow Hooke’ 
a bx). =. which means that the modulus of elasticity, E, is constant in the and, 
prototype andinthe model 
(2) The ratio of the specific gravities of the material of the ower 
_ type and its loading fluid, —, is 8 equal to the same ratio of the model, —. 


‘Similarity. Conditions Covering Non-Dimensional Factors. —In applying 


the dimensional theory the factors that have be covered 
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and the ‘similarity conditions for such factors have to investigated 


~ Poisson’s s ratio. is a non- -dimensional factor and i is to be investigated by 2 a 
‘method. This ratio. influences” the conditions of the dam in two 


ways: Fi irst, directly, by the introduetion of “stresses at right angles to the 


"stress dev eloped by the applied for ce; and, second, due te ‘the dependence of the 
modulus of elasticity in shear on Poisson’s ratio and the consequent depend- 
oe of the shear deflections on this ratio. me - hese factors will be considered 


direct influence of Poisson’s ratio can handled ‘in the following 
‘Due to Poisson’s ‘ratio, of the dam ‘material, a stress, fp, will pr yroduce 


in a restrained unit cube of the dam a stress, f’y, : at - angles to it, natal 


e i 


indirect influence of s ratio ean be treated in a 


deflection of any part: of the prototype due to shear will be, t 


in which, Sp ii is unit and dl, distance. 


From Equations (92) and 


Vy 


S 


‘0 retain the ‘similarity | between the model and | prototype, , and, 


the 
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‘In to 


Similarity Conditions Derived from Geometrical Similarity — 


= ater the loadings are applied, the linear deflections of the model are to be i in 


= same linear scale as the model itself. T herefore, $, = RK Sp. Introducing 


“tt ig (4) The ratio of the moduli of elasticity of the model and prototype 
Foals is to be equal to the scale of the model multiplied by the ratio of the 
specific gravities of the loading liquids of the model and prototype. 


Similarity C Discon ontinuities. ae ae ‘tual dam 

cannot be built” as a continuous structure; depending on the methods 

rer’ it is built, it has as a number of construction - joints” which may beco ome 


sali The ‘construction joints of the dam are to be : ‘represented ‘in the model 
$0 as to ‘maintain the similarity betw een | the the model and dam. 


The dam. has horizontal, and vertical “constr truction joints. The 
joints | are » kept. uneven and rough across block in order to 
insure a better bond between | the successive layers of concrete and as long 

A as the dam is not loaded no ) separation or opening of these. joints can take place. 
vertical construction joints divide the into” separate b blocks and 
ae 7 although bonding boxes a are provided, ‘these joints are much more definite 

than: the joints, and when the dam is not loaded they may open 
due to the contraction of the concrete. The horizontal construction joints 
ean carry a limited tension that is much less than the tension that can 
be. carried in a concrete block between ‘the joints, but the e vertical joints 
“cannot carry any tension. In conformity with these conditions the horizontal 
and vertical joints of the model are to be treated differently. ap 


<. ' The horizontal joints are construction joints only, and it can be assumed 


- that after the dam is constructed x no measurable horizontal joints are left. 


Even if the dam i is loaded below its destruction point, the _ tension 


exoumes in n some of the | joints ean be higher than the ultimate tension that 
= be carried over joint. this case, a rupture « of such joints will 


take place starting at the surface and extending to some point at “whic 
- the tension stress is low enough to be carried by the joint. | > 


In indicating ultimate unit tensile s stresses that ean be carried: over 


A 
“the jointe of the ty pe and “model by fip and Sain respectively, the 


is (3) Poisson’s ratios of the prototype and model materials are to be 


“Hate the prototype and model similar in their geometrical shape before and 
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and from Equation (94), hg te wilt! 


a nny bul’ (6) The ratio between the ultimate unit tensile stresses that can be 7 


in 

te f eS carried by the horizontal joints of the model and prototype is to aa 

ot be equal to the linear scale of the model multiplied by the ratio of the | 
specific gravities of the loading liquids of the model and prototype. 

— ? he vertical joints of a dam can have a physical dimension and, in such 


A. ‘onsidering the Vertical joints of an actual dam, the action of these joints 


ts 


can be ‘represented by two steps: First, Poisson’s ratio of the dam - material | 
causes a part, Ven of the width of joint, to be. closed and, second, the 


remaining part of the joint, 0%», will increase the deflection of the archh 
ae onsidering : a block of the length, 8p» WiGa 


a case, have to be. represented i in the model : as joints of a certain size. So 


cs and If the action of the : remaining part of the joint is ‘to be represented in the 
Jefinite model so 9 as tor esult in deflections of the model that are of 1 the ‘same scale as 
y open the deflections due to elastic deformations, then, from Equation (98), el 


= 


ints will Which adds the additional condition: 
at whieh (6) The ratio of the width of the vertical construction joints in 


¥ the model and prototype is to be equal to the square of the scale of the — 
ca model multiplied by the ratio of the ‘specific gravities of the loading © ioe 
liquids and by the inverse ratio of the moduli of elasticity of the model ve 


Bimilarity Conditions Covering Foundations and Abutments. —The elastic 
‘eformations of an arch dam ar are by no means Timited dam itself, 


— 
be 
.—l 
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carried through the and abutments. The 


oped: formulas and statements concerning the dimensional theory, : ‘non- -dimen- 


undation 
and cette. 7 It i is obvious, however, that the size of the elastic feo 


os _ that are practically infinitely large as compared with the size of the dam can- 
be not b be represented i in a practical model, and some compromise must be made 


in the very beginning if the model i is to be feasible. 


lo The theoretical investigation of foundation ‘deflections | made by Fredrik 
v ogt, Assoc. M. Am. Soc. C. E., , entitled “Ueber die Berechnung der I Funda- 


mentdeformation”, disclosed the fact that the action of the infinitely large 
elastic rock foundation can be closely "represented by an in imaginary block of 


definite dimensions, made of shin material and seated on a fixed non-elastic 


_ The dimensions of such a foundation block and its elastic properties depend 


on the elastic properties of the foundation rock. . The investigations available 


. s in this respect are very meager as far as the elastic properties | s of the ground 


and the relationship: between these properties and the sizes elastic 


_ Properties of the imaginary foundation block are concerned. can be ‘stated 


Rene x avited by a block of elastic material of some definite dimensions, which 
ees. has a fairly low modulus of elasticity so that by supporting it on a base 
ofa material of a high modulus of elasticity, the conditions of an elastic f 
foundation block “supported on an unyielding non-elastic base can be 


Similarity Conditions Co vering Influence of T emperature Ch anges. =" 


the stresses sses and deflections of model due to different tempers: 


and is the difference in temperature of of the dan 


etween the time the dam was built and the time ‘under consideration; ai 
the corresponding temperature difference of the model. 


only theoretical complication that would enter is, that consideratio 


_ should be given not only to the coefficients of thermal | expansion of the material 
of the prototype and models, but also to the materials of the actual foundation 


On 
poe the i imaginary foundation block ; but that i is a practical impossibility, and fluids 0} 
being of x no importance, is to be neglected. * The additional | condition to le model 

we 

(8) ‘The ratio of the temperature of the material, 
ae. - the time of testing and building of the model, and of the tem 
perature difference of the material of the prototype, between the time 

_ for which the investigations a are mane. ane, the time of the building @ 


neglect 
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bei the pr ototype, should be equal to the ratio of the coefiicients of thermal | , 
ql expansion of the materials of the model and the prototype, provided that 


these coefficients are sufficiently uniform to be assumed as constant. 

en- 

we si Type of Model.—These similarity conditions are general, and any model of 
an arch: dam ‘that is be to > study the and should 


meet with many obstacles, and in order to build one with a reasonable — 
ture of time and money a number of additional compromises are » necessary: 


These ‘must be » determined, analyzing ‘separately each o of the similarity condi- 
tions as applied to a particular problem to be investigated. 
of __ The dam described in this discussion is the Calderwood Arch Dam on the 
ll Little Tennessee River, , which i is about 200 ft. . high and about 800 : ft. long at. 
a “the er crest. Two different kinds of models were considered: First, « one in which, - 
a number of points, the deflections of the down- stream surface and the 
strains at the down- stream and -stream surfaces of the model could be 4 
measured directly ; and, second, a model in which | some information could 
1 ie - obtained about the distribution of stresses through the 1 thickness of the model. — 
tated The first type would represent a model along” the more conventional lines; 
in the se second could be obtained by the use of a modification o of the photo- -elastic : | 
| method of stress determination. ‘The se second model would look very ittractive a 
seh if results could be obtained, having the f followi ing advantages : q 
a base a) of strees through ‘the th thickness of the model 
elastic against the determination at the up-stream and down-stream surfaces J&§ 
oe oc (b) The possibility of the use of a smaller model and , consequently, f 
disadvantages of such a model ean be summarized as follows: 
(e) This method has not bite on three- 
ioe The possibilities are that it would require considerable time to make 4 
(2) improvements or modifications that would be necessary in order: to” 
th adapt the method to the conditions of an arch dam model. 


i 
The usual transparent materials used in this method have a high 
ay modulus of elasticity and the proper reproduction i in small seale of the . 


(e) Considerable time would be necessary to. determine by test and 
rototype | _ trial the material that would be ‘suitable for such a model. eae ad 

the dam Considering the uncertain features of the photo- elastic method, it was 


mee , an decided to build a model of the Calderwood Dam according to the first method, Fly 
| and the following discussion is based on this dockside, 
ideration 4 Loading Liquid — —One of the most important points, which all other 
materials conditions, to a considerable degree, i is the choice of the loading liquid, 
pundatio - Condition. (2) | requires that the ratio of the specific gravities of the loading 
ility, an’ fluids of the model and prototype shall be equal to that of the materials of the a 


ion to be model and requirement is fundamental, because if it is 
ws Bueglected, the relationship between the arch and gravity action of the model 


al materi will be ® distorted ar and the study of the behavior of the dam will be made d difficult 
eu Mand uncertain due to the necessity of correcting the results to take care of a 


mumber of secondary influences that will prac 


be introduced. From the practical 
“26 
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same liquid used as in the (which § is water, 
specific gravity of which i is equal to 1), or the next reasonable possibility would 
sah 


be the use of mercury which has the specific ¢ gravity ‘of 13.6. OM 
‘Using wat water, the specific gravity of the material of the model sh 
__ about 2.4, the same as for concrete, the material of which the dam is con- 
structed. ‘Using: mercury, the specific gravity of the material . of the model 
7 will b be: 2.4 4 x 13.6 = 32.84. That \ would practically exclude the: use of mercury, 
because no known material has such a high specific gravity, and the only v way 
_ to approximate these conditions would be by tl the use of so some artificial method 
of loading the model with additional loads or springs. ‘Ls ot 
aul The choosing of w water as the loading liquid will determine the specific 
7 gravity of the material of the model equal to about 2.4 4 and will ns 


similarity conditions considerably since —* and Equations (9: 3), (94), 


(102), (104), and (111) can be written: 


due 
the r 

Pe Scale of Model.— —The choice of the scale of the model i is entirely arbitrary it cor 


from the theoretical point of view; but of course it is very much limited by tions’ 
practical The amount of material the model, and probably modu. 
the cost of it, is proportional to the cube of the scale and the area that is cor Pe 
ered by the mod lel. Probably also the time necessary to make the | test 8 is in the 
pr roportional to the square of the scale. T That would mean that the scale 0 of be the 
the model must be chosen as small as possible i in order to reduce the cost and 
i and increase the convenience of the use of the model. bod >> ae 

ae On the other hand, the stresses are pr roportional to the scale and the deflec- i res 

On the a tesults 
tions to the square of the scale so that the larger models will give better ‘will m 
results: as far as observations are concerned. Furthermore, if the model is and; 


be a true representation of the prototype the horiz zontal, and } particularly the HF deform 


vertical, construction joints must be represented and that can be done satis cerned. 
_— factorily, only if the scale of the model is large enough. For the model of th = The 
_ Calderwood Dam it was decided that the smallest scale that could be used wa was Ia 
porte and the following considers ations are based on a mode] of such see cale. id 7 
Modulus of Elastic ity of Model Material —Assuming the modulus 18 of elas 
ticity of the concrete cused in the prototype : as 8 800 000 Ib. per sq. in., from 
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Sos i 
— 
— 
| 
of the 


18 1931 x ON THEORY OF SIMIL ARITY AND MODELS» 
(14) willbe = 


The proper observation of the behavior | of oni model under load will — 


e prototype under considera- = 


ata eotisiderable’ number of points ranging eu 

From a ‘practical point of view the deflections’ that ; are to be measure lat 


the many points must be kept. reasonably large so that the measurements can ; 


be made with simple and without the use and 


Besides the possibility o of measuring the deflections’ with a “sufficient degree 
r accuracy, the following important point should be stressed: If the model - 
is made of an clastic material and the deflections are relatively large, the — 


| 


secondary influences, such as uncontrollable | changes of temperature, inaccu- 


sa racies- in the size of construction joints, displacements of the abutments, etc., 
( , 15) have only a small influence on the total deflection, and can be partly accounted P 
and partly neglected. For stiffer models these secondary influences become 
. (116) “abe important, and the value of deflection measurements decreases rapidly 
(111) due to secondary influences as well as to the decreasing degree of : accuracy of 
‘The requirements of retaining the similarity of the geometrical of 
(18) the dam and model before and after the load is applied, are theoretically correct, : 
_ a bat, practically, a considerable increase in the deflections can take place before 
bitrary could influence: the results to a noticeable extent. From these ‘considera. 


ited by tions it was deemed advisable to use a material for the model with a much lov yer 
robably modulus of elasticity than that which is required theoretically. a & : 
is cov Poisson’s Ratio of Model Material.—Poisson’s ratio for the ‘used 
tests is J in the prototype is about 0.20 and that for the material of the model should — : 


cost and =f the latent of the modél has a different Poisson’ s ratio, then the results 


1 
the tests will be influenced in two ways: First, ‘the direct influence that 
re deflee results in redistribution of stresses; and, second, the indirect influence ill 
ler B vill manifest itself in a ‘different value of the modulus of elasticity in ‘shear 


ndel is 12 i and, consequently, disturb the behavior of the model as far as the shearing 


ilarly the deformations and the part of the stresses due to such ar ate a 


del of the a The direct influence of Poisson’ Ss ‘ratio can be ‘taken care of in the x2 


used was 


proper variation of the size of the vertical construction joints. oot 


cale. [— An arch dam as well as the model is restrained in the horizontal direction _ 
us . elas Belong the axes of the arches, is only partly restrained i in the vertical direction 


due to the weight of the structite that rests on it, and has practically no 
restraint in the horizontal directions the and down-stream faces 
of the dam. Consequently, Poisson’s ratio: can influence the strésses and 

n tal direction long the axes of the horizontal arches, oa 


in ‘the horizon 


— («tC 
i= 
= 
— 
4 
Jel i= 
hod — 
— 
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eed In the horizontal direction the influence of .Poisson’ ne will be felt, due 


to the loads ‘that are applied in the vertical direction and the direct water 


‘pressure » at the up- -stream face of the dam. te Au 


Selection of Model Material. —The known po dam models of the past were 
as follows: (a) Concrete loaded with (b) celluloid loaded with 


mercury : and (c) rubber loaded with water. * None of these meets the s simi- 
The most important discrepancies are the improper ratio of the specific 


-— gravities. of the loading liquid to ‘the model material and the fact that all these 


models were built as continuous structures, which could carry considerable. 
tension in all directions; 


In selecting the material t the first consideration | is naturally given to the 
iia of making the model out of conerete, the same as the prototype. 7 -_ 
Concrete models loaded with water, however, will” show very ‘small and 

, uncertain deflections. In ane to increase the deflections in the models built 
in the past, | mercury was substituted for w ater as the loading liquid. This: 
; D5 increased tl the deflections manifold, but at the same time violated an important 


ae similarity condition concerning > the ratio of the specific gravities of the loading 
__ The celluloid models loaded with mercury and the rubber models loaded 
Ww ith water have the same drawback. The relationship: between the arch 


and gravity action of th the dam is greatly distorted and, ‘consequently, from 


pis | made on such models no ‘Proper -eonclusions can be derived as to the 
These considerations eliminated the use of concrete, celluloid, or plain 
_ rubber as a model material, and a search for a more suitable material was 
hie a: - For the chosen scale of the model (1:50), and by assuming the maximum 


he: range of possible stresses in the prototype to be from 300 lb. per sq. in. tension | 
1 000 Ib. per sq. in. compression, corresponding range of stresses in the 


general; this ; very 3 ‘narrow ‘ange of. most of the 


Besides the requirements that are directly covered by the similarity con- 


<7 on ‘ditions the material to be selected must satisfy a number of requirements that 
follow from the ‘similarity and that have to be met within 


e range of stresses in the model. 
and plastic 


h pronounced Seto 


On the constant of will preclude materia 


"with onounced plastic “properties that are characterized by a slow recover 
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MIL 


or a high permanent set, and materials that have any considerable ski or 


The necessary practical consideration will be to have the material such, 
it could be brought to the many required irregular shapes without pro- 


The ‘specifications for the - required material based on all previous consider- 

| tions ; and in the stress range of t the model are summarized in the order of 


> 


Hhese Uniform elastic: Properties any pronounced directional 


(8) Absence of skin or internal stresses. nah ha ii 
o the cata (5) Reasonably uniform values of the modulus of elasticity. at various 
his (8) Properties that will permit the material to furnished in 
__the required irregular shapes; 
ortant (9) Poisson’ s ratio close to 0.20. 
oading (10) Uniform coefficient: of thermal expansion. 
No material is commercially available even known that would meet 
gg ‘this List of specifications in its entirety, | so that the problem resolved i 
4 Seat into t the dev elopment of a material of the desired qualities. Although the 


work done to date (1980) in developing ‘such material ‘seems: to be rather — 


‘promising, it showed clearly that considerable additional time must be spent 


before the ideal material can be found, particularly ‘the low. value = 
hl The practical compromise that was decided on was to drop ie require- 


aximum ment ; and to develop a “material: that meets the more important demands 
. tension rasonably close, leaving to the future the development of a material ‘that 
es in the | meets all the specifications. This « decision will probably make necessary some 4 a 
ypression. | corrections in the results of the model test. 


st of the BOA preliminary search disclosed the fact that the combination of the two | 
it 4 ‘Tequirements—specific gravity of 2.4 and low modulus of elasticity—preclude 


sty cou jm 2tange of well- known and commercially used materials, most of which have 
nents that low specific gravities at low moduli of elasticity. ‘ty 


net withi The search made of different, less known materials having cellulose, cellu- 

lose acetate, ‘ete., bases, showed that they all have a specific gravity much 


lower than 2. 4 and that the new materials that could be obtained by loading oa 


the known materials to the desired specific eravities were unacceptable sal 


tic proper 
elasticity 


directions account of the his gh modulus of elasticity and uncertain elastic properties. _ 
direction! as Rubber compounds showed the best promise and an extensive co-operative a 


AHI 


research was made in this’ field. The main difficulty in this research was that — 
all the customary rubber tests are made at high tensile stresses which 1 approach — 
the ultimate, and very little i mown about the general behavior of rubber 


le materia* 
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EY Pp ractically nothing is known about the behavior of highly “loaded rubber | 
‘compounds of high specifie gravity at low compressive § stresses. 4 This research 


(a) large number of rubber the desired specific 
gravity of 2.4 can be made by using the commercially available fillers. 
ae (b) As a general rule, these heavily loaded rubber compounds are 
unstable and show uncertain elastic and highly developed directional 
peri (c) The values of Poisson’s ratios of different compounds ean be 
7 varied in rather wide limits; but the tests made, thus far, developed — 
unsteady with directional properties for low values of 
Poisson’ s ratio. The customary manufacturing processes seemingly 
ad not give the refinement in control that is necessary in order to obtain 
material of the same quality by repeated fabrication of compounds 
nadia the same composition and manufacturing procedure. Pf 
Pere tae _ (d) From the different compounds it was possible to pick : some that, 
gh as long as the high values of Poisson’s ratio were accepted, have steady 
_and fairly uniform non-directional elastic properties and a low modulus 
of elasticity, which properties could be satisfactorily repeated. = 
are (i The attempt to find a material that would meet these require- 
_ having at the same time a low Poisson’s ratio led to the -conclu- 


a wa rey sion that such material is possible -and feasible, but that a considerable 


= » a amount of research would be required, that would include not only the 
> 


composition but the manufacturing procedure as well. 


Adopting the research made as to use for the model 
litharge rubber 


low modulus of elasticity of about: 500 Tb. per sq. in., pr Ww ith a high Poisson's 3 
ratio: approaching 0.5. compound has and stable elastic. prop- 
erties, and it is only slightly influenced by aging or repeated loading, showing» 
"very small differences at a ‘time interval of about six months and at repeated 
P loadings that ran as high as 5 000 lb. per sq. in. hydraulic pressure. ade 


‘The fabrication of material, can be repeated infinitely, insuring the 


possibility of manufacturing any desired quantities similar to the ‘original 


it can be cemented together or cut on a -band- “saw, insuring 


od of the ‘asi ‘ail prototype must be equal to the ‘vale of the model. A num- 


difficulties will be encountered in an attempt to fulfill this condition: 


‘First, the value of the ultimate ‘unit tension that can be carried over the 
neertain; and, second, it is rather difficult 


to provide a a joint i in | the > model ‘that would be ruptured at a low tensile stress 


s reached was to decrease 

ae ‘number of horizontal joints, placing them on the model corresponding to 
larger lifts than ‘those that were actually used i in the prototype. ro 
Foundations of Model- —The proper representation of the foundation con 


- ditions of a model is uncertain, due to the fact that Practically no a 
tad The practical compromise that was decided upon, was. to make the four- 


“| tlle of the model of the same material a as the model of the dam, in “locks 


— 

ii 
of 
sf 
‘Tension in H orizontal Joints——In accordance with Equation (116) 
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change them, substituting blocks cise, At ‘same time 


foundation blocks were Partly restrained in the horizontal direction by: means 


different “heights, lower part of Fi ig. 4 this 


The expectations are that the pri proper conclusions can be obtained by repeat-— 
7d i ing the tests with foundations of different sizes and with different amounts 
* 


co 
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— 


be i of restraint. — F urthermore, a study of the influence of the elastic deforma- 

oped tions of the rock on the behavior of the dam will be made 

| General Arrangement and Plan ‘model is to 

y do 

ptain- 


teady 
dulus 


Gate in Prototype 


erable 
ly the 
Tank 
“Water T i nt 


epeated 
ing the 
Hard Filler - Height of Filer to be Increased _ Supporting Block” 

; | joints Not only will the arch proper find its representation in the model, but the 
a 

same Tubber compound will be used to represent a reasonable part of the 

dition: abutments and foundations of the actual dam. 

ane ia = a The m odel will be built of. separate blocks that are the exact replicas of 
on 


Aiffcult “the concrete blocks of the dam between its vertical j joints, but of greater 
“heights than the lifts. or distances between. the horizontal joints of the actual 
The necessary modifications in the size of the vertical joints are to be 


onding 
as = a Water i is to be used as the loading liquid and Qefisction. and strain measure- _ 


for different conditions of foundation deflections. 


oe are to be made at different points of the dam and are | to be cena Neca a 
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(a) Condition (1) is assumed to be satisfied. 
pape (b) Conditions (2), (7), and (8) are actually entiefied. 
Conditions (5) and (6) are partly satisfied ; and 
Assumed to Be Sat fied.—Condition oncerns the 


"constancy of the moduli of elasticity of the dam and model materials. eas y 


Conditions Actually Satisfied. —Condition (2) concerning the ratio of ll 


is specific gravities of the loading liquids and the material of the dam and mode 


other factors in this class are Condition (7) | concerning the repre- 


4 stata of the foundations ; and Condition (8) concerning the ratio of temper 
ature differences, in model and prototype between th the time ‘building and 


Conditions I rartly Satisfied. — Condition (5) concerning the ratio of the ulti- 


‘ ‘mate unit tensions in the horizontal joints’ of the dam and model is partly 
taken care” of by increasing the size of the horizontal lifts the model, as 


a compared with the prototype. The expectation is that no corrections will b be 
‘necessary ix in . the r results of the tests on account of this is discrepancy. renee 


Condition (6) ‘concerns the size of the vertical construction ‘joints. Som 
corrections may be required in the results of the tests to take care of the di 
due to the difference i in Poisson’ ratios. 
value s of 
Poisson's ratio the “materials of ‘the ‘model and dam § 


may be necessary in the results 8 of the @ tests, ar and an attempt will be 1 made to. 
‘7 care of part of the discrepancy by a en: dimensioning of the vertic al 


(4) “concerning the ratio of the moduli of elasticity the 
material of the ‘model and prototype, is to retain the geometrical 
Pao similarity of the shape | of the models and the prototype before and after the * 


load i is applied. expectations are ‘that the difference in 


being conducted by the of at the request 
Edwin S. Fickes, M. Am. ‘Soe. C. E., under the direction of James W. ‘Rickey, 
M. Am. ‘Soe. C. E. and Mr. J. P. Growdon. The research work in rubber 

intl the ‘Research Laboratory of the Goodyear Tire’ and “Rubber 

% Company was made ‘under the direction of Dr. i B. Sebrell by Messrs. R. D. 
Evans and M. J. DeFrance. 3 The Aluminum Research Laboratories of the 

~ Aluminum Company of America are assisting in the investigation end, under 

the direction of R. L. Templin, M. Am. Soe. Cc. R. G. Sturm, Assoo. 
a Bc Am. Soc. O. E., and Mr. R. L. Moore, tested the physical properties of the 
a 4 rubber compounds. _ Messrs. J.P. Den Hartog and J. . G. Baker » of the Re 


search of the Westinghouse Electric and Manufacturing 


he dimensional theory. 
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| 1931 ON THEORY OF SIMILARITY AND MODELS 


Jasper O. Soc. C. E. (by letter). 14¢__ Although the) writer 


a add anything to the content: of this paper, he wishes to express | a feel- 


the validity of assumptions concerning the p peiacighen underlying the use of = 
models is very valuable, because 80 much hydraulic practice is based upon 
from models. work o of this character is needed 
the author is to be congratulated for what he done. 
‘It is impossible to read the accounts'® of the work done in European 
ies without the lange amount of space devoted to 


"discussions. of models. 


attached to the theory. of models, 
2s has 


‘need behind that of Europe, but this condition i is s changing. ‘The recent foods, 
in New England and in the Mississippi River Valley, added to the Ohio 
oods of two decades ago, — emphasized | the growing importance ¢ of flood- 

; Cesar ‘ol works and have resulted in a public demand for relief from such dis- 

asters. 7 his demand has | brought. responsible opinion to the point of studying 
flood flow and control by means 0 of models, as evidenced by the ctididieneit 

of the National Hy draulic. Laboratory for the study of these e problems. 


There are still, however, many people who doubt the possibility of predict- 


dis- ing the action of a . great riv ver in flood flow by experiments on a small model — 
i that river. If the confidence of the people in the ability of the | engineer to 


solve such gigantic problems is to be retained, all the available theory must E. ~* 


fin, 


be bror. ht to bear upon the design of the models which determine how such | 
prent wo rks are to be constructed. 


it may not be a amiss to call attention to the fact that the e early experi- = 


: ments with models were made i in a somewhat crude fashion a and that the = 


me nethods have gradually improved. ¥ From the early work Of Dubuat to that of 


sa step and great p progress hes ‘been ‘made i in the use 2 of the model as well 
as 8 clearer “understanding of the significance of the various elements involved ae 


in its design a and use, Considering: the great variety e engineering struc- 
res which built after or tested by “models, such as bridges, 


achinery, ships, ‘and airplanes, as well as structures involving the flow of 


Ricker, i water, it is desirable that there should be considerable diffusion of knowledge _ 
‘rubber about the necessity of careful design of models and the methods by which it 
be achieved. Some experimenters seem unaware of the limitations of 


their experiments. lt i is welll that the elements: of viscosity, temperature, and 


= surface tension should be given prominence | by the author. sirice, as Mr. A. c.. 
Chick points out, factors be important small heads or with 
“Asst. Prof., Theoretical and Applied Mechanics, oe of Illinois, Urbana, Ill. 


Received by the Secretary, December 18, 1930. tt 
® “Hydraulic Laboratory Practice,” ’ by John R. peaches Past- President, Am. Soc. C. 
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"AMERICAN SOCIET 'Y OF CIVIL ENGINEERS 


F ORMULAS | F OR RAINFALL INTENSITIES. SOF t 


Messrs. W. B. Gistiont W. Horner, A AND ADOLPH F. MEYER 

W. B. 1 Am. Soc. C. E. (by letter) Concerning problems. of 
rainfall ¢ and run- -off there is often considerable uncer tainty in the mind of the 
designer as ‘to ‘the adequacy of a drainage channel to meet requirements that 
will a re easonable -pratention against As pointed | out by the 


a The subject of run-off “tthe too aide ee tr eated i in an empirical manner, 
we: the size of drain designed purely according to the judgment of the « engi- — 


neer charge or by the limitations set by the moun nt that. may be expended. 
Even in the latter case it is desirable to know how often ‘the Qeer of the © 


author has made available for a 
large part of the Mieinsiant Valley. and portions outside. He has connected 


j the work of Meyer and Morgan, and has shown that these two authorities agree 


in basic material. — By this means he has giv en the data on which times of 
 apmieation are known in the satiate, that are of interest in the drainage of Pas 
"areas of. considerable “mnagnitude, and thus has rendered a real ‘service to 
The work and expense required to prepare ‘paper were considerable, 


thanks of the profession are due the author. 


W. W. ‘Honyer,? M . Am. Soc. C. Ez (by letter). 


developing certain 
sad for his ae need, the pee has undoubtedly found himself in a 


—tThe paper Merrill M. Bernard, M. Am. Soc. C..E., was ‘published in October, 


, Proceedings. This discussion is printed in Proceedings, wr 
expressed may be brought before all members for further discussion. 


1 Prof., Experimental Eng., Tulane Univ., ‘New La. 
Received by the Secretary, November 20, 1930. 


*Chf. Engr., Sewers and Paving, St. Louis, Mo. 
a Received by the Secretary, December 24, 1930. | 
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‘HORNER ON FORMULAS FOR RAINFALL INTENSITIES Discussions 
tion. ‘The had occasion several years ago to make a a study of rainfall 
ie frequencies in the zone just above the 2-hour limit, but under conditions which — 
did not warrant the exhaustive study made by Mr. Bernard. The writer has 


- Py also ents interested in the local study of this § same e problem at Boston, ‘Mass., 


= 


‘3 as reported® by Charles W. Sherman, M. Am. Soc. C. E _ There’ is no pel 


all’ over country, as the bigger cities are spreading out and a 


= municipal drainage problems : are entering the field ‘of the larger. wali, 
data heretofore considered accurate for design ‘purposes have been found 


* wd Mr. Bernard has done a remarkably fine piece of work in joining together _ 
and interpolating between developed information for ‘short- time rains on the 


one hand a1 rd the “Miami Conservancy” work on the Iti is remarkable, 


ae elow the 2- -hour duration. In 
with this, should be Mr. Sherman’s belief* that a single 


formula can be developed which would cover the entire range up to several. 
days. Ina discussion’ of Sher ‘man’ “paper, the writer suggested that a 


a formula devised for Boston did not seem to be satisfactorily i in accord with ‘the <4 


of he Mr. Sherman’ s work in Boston is based upon complete local information 


covering the full range of duration. In Mr. Bernard’s studies no actual data i] 
are available for the duration period between and 24 hours, and his 


5 ot results a are . of value because of the remarkable e concurrence at the two ) edges ot 
i this zone. ? It supplies a new tool for general use in this intermediate field, a 


working instrument apparently m much more reliable than anything that has 
—- - been published before. i There is no doubt that to municipal engineers as well — 
as land drainage engineers the results of Mr. Bernard’ s work will be exceed: 


8 a ingly helpful. It can be used to good advantage until the time comes when 
rs some project of the general magnitude of the Miami Conservancy work may 


justify the expense of determining "frequencies this: intermediate zone 


directly from recorded 1 rainfall information. . When this time comes, avail 


al 
q will be possible to determine w whether any y single formula will be found to | “ 7 
completely satisfactory. In the meantime, Mr. Bernard’s work should receive .. 


appreciation of all practicing engineers interested in storm-water drainage. 

E. 6a 
F. 6M. Au. Soo. C. E. (by letter). i is always 


e that of Mr. Bernard which sets forth the results of an : 
study ina clean- cut manner, ready for practical application, 


= the fundamental principles referred to by the eens, the writer a 


Proceedings, Soc. E., ‘April, 1930, Papers and Discussions, p. 717. 

5 Loc. cit., September, 1930, Papers and Discussions, p.1746. 
Received by the Secretary, December 29, 1930. 987 
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ebruary wary, we ON FORMULAS FOR RAINFALL INTENSITI 


of most structures involved, ‘the effect of 
rainstorms, varying in intensity as they do, is practically the 
_ same as if the precipitation had been uniformly distributed over the 
- —tThe sum of the records of several stations within a limited a vo 
even if of considerable extent, gives a better indication of the probable — 7 
a aia rainfall experience of a given locality than the record of a single station 
_ in that locality. Such combined records are reasonably equivalent to a 


_ The writer | hopes that these ‘two perry principles, , supported as ay 7 


are by ample proof in the literature of hydrology, will soon receive general 
acceptance by the profession. Such acceptance will be in the interest of both — 


often neglected or in generalities, is the of probable average 


frequency of recurrence of given phenomena. Although at best best a a prediction can e & ; 

only represent a probable average experience, that is no reason’ why the best | 
possible ‘prediction should not be made i in | reasonably ‘specific terms, and | then 

these terms should be used as the basis for design. 7 

In his opening discussion, the author concludes 1 that the relation 


- ra nfall intensity and duration i is more accurately expressed by the parabolic 

- formula, i = —., than by the formula, i = re 

“conflict with what follows in the wine: author specifically points out 


oe (under the heading “Intensity Formula ' Types”) that the Meyer formulas of ie 


a the type, on correct results over time intervals to about 200 min. bh 


i ‘They are intended for application only to time intervals up to 120 min. Fig. 1 


: shows that Mr. Bernard’s ane / type of formula can b be used only fc for time 
intervals longer than 40 min. The writer has ‘never suggested the a applica- 
of his formulas” to time intervals longer than 120 
ed At best, all formulas of rainfall intensity are > empirical. Since they 
% derived from a given group of physical data, it follows as an elementary prin 
<< that they cannot be extended, with the slightest assurance of accuracy, — y 
than a few ‘per cent. beyond the limits of the data on which they are 
- based. Discussions tending to show that certain formulas cannot be applied ~~ 
x lying far outside the limits of the ; group of base data used in their deriva- 
tion, a are beside the mark. AM too » frequent attempts are being made to extend 
- formulas and principles far beyond the ‘scope of the base data. _ When such 
attempts lead to error, the formula or the principle often is blamed. ‘The 
author, however, specifically points out the limitations of the several formulas. 
Natural phenomena such as rainfall intensity and duration are virtually 
haphazard occurrences. The derived formulas are empirical, and since they 
do not embody a fundamental physical relationship, such formulas are neces- 
sarily limited to the base data from which they are derived. 
ae The writer would like to see the author’ 8 conclusion respecting the limits of 


soplication of his charts added to > the title of each chart lest these charts be 


conclusion i is apparently in 


q 


— 
ns 4 

all 
ich 

We 
4° 
cies 
note 
murs 
at a 
ition 
data 2 
his — 
ot 
well 

4 
and it 
to be 

| 
e507 
 . 
tended for application to duration periods greater than twohours, 


| 


gai 
aly 


— 

iw 
— 

co 

vb 
— 

a 
re 

— 
ii 


OF 


AMERICAN SOCIETY CIVIL INEERS 


\ ‘THE BUTTRESSED DAM OF UNIFORM STRENGTH ih 


B.F AND CaLvIN V. Davis 


8 M. Aw. on E. (by letter) %0_The a author p 
design method for a multiple-arch dam buttress, which should aalietica 
‘structure of 1 uniform strength. In general, at least, it: should be possible to 
eliminate the possibility of buckling by “providing counterforts, and since al 
Mr. Schorer’s design two principal stresses are zero, the requirement of uni- a 
form strength is met when the third principal stress is constant throughout — 
‘the buttress. As the author shows, this leads to a buttress having a horizon- 
“tal section of variable width, as in Fig. 2, instead of a constant thickness , as 
B been customary in the past. The w riter has calculated? ‘ the stresses in a 


_ buttress having a rectangular section in a horizontal plane. | The section, for ~t® 
= the stresses were computed was an inclined, nearly normal section. The 
result. shows, that the maximum principal stress (compression) w was: nearly 
constant, » Varying from about 260 to 286 Ib. per sq. in. ‘The intermediate prin-— 
cipal stress, at right angles to the ‘plane of the buttress, was zero, and the 
Teast principal stress (tension), varied from zero at the down- stream face to. 
$4 Tb. per sq. in. at the groin. _ This means that the factor of safety | in com- = 
pression. is ten or ‘more, while in tension it is three. or less, unless steel is 
to take up indicates the superiority of the author’ 


Baar ty 


4 buttress, but since stress calculations are complicated and time- “consuming, 
| 4 is difficult, if not practically impossible, to arrive at an economical design. 


Mr. Schorer’ 's design method i is therefore of great practical Walaa fe 


bs "fa! connection with the design of a fairly high multiple- arch dam the writer 
“has had an opportunity to compare Mr. Schorer’s method of design with the 28. 
customary one. The consulting engineer, who prepared the design, first sub- 


‘mitted one of the usual type having constant thickness in a horizontal 
‘Plane. _ This design had a a small amount of tension, and it was decided to apply 


-_- Norr.—The paper by Herman Schorer, Assoc. M. Am. Soc. EB. was published in 
1930, Proceedings. Discussion of the paper has in as fol- 
lows : January, 1930, by Messrs. James Girand and Fred A. Noetzli, 
‘Transactions, Am. Soc. Cc. E., Vol. 
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Mr. Schore er’s result was highly to both 
24 a design with a a tapered buttress i in a horizontal 
: In a paper entitled “Stresses in | Multiple- Arch Dams”5 
. the arch as monolithic with the buttress, as the author - done in oy 


This treatment gives a shorter buttress: than the assumption that the deck 


transmits | load to the buttress only in a direction normal to the groin, as in 
Fie . > This latter involves the assumption of a frictionless joint between the 


deck and ‘the buttress, and the writer questions whether such a joint is a 
- practical possibility, considering that it must function for an almost unlimited — 7 
4. time and under any co conditions. _ These considerations would | lead to the adop- 
e: tion of the arrangement shown in Fig. 4, as the safer | design : assumption, if it. 
were not for the possibility of a an upward thrust of of the deck, due» to water- 
_ soaking, combined with drying out of the buttress, and the consequent shrink- 7 
age. This tendency will be more —— when the temperature of the air 
is Tess than that of the water sit 
multiple- arch: dams, of the writer r has knowledge, show cracks 
in which, near the groin, are normal to the direction of | the 


or aoe may be due to tensile load stresses. sigs ‘some of these dams the e writer 
‘inclines: to the opinion, that the cracks are due primarily to shrinkage and 
swelling. | If the deck could be constructed of segments, say, 10 ft. high, which: 
Pog were provided with open joints above and | below, so that these segments could | 

a a. “not interact lengthwise, the condition illustrated by Fig. 5 would exist. This 
- might involve difficulties for the multiple-arch type, but | could d easily be accom- - 
plished for the flat deck type of dam. As multiple- arch dams are generally 

- built, it seems to | the writer, that some swelling of the deck combined with — 

_ shrinkage of the buttress must be considered as a possible, and probable, sti ite 
of affairs and the designer must be governed accordingly. fe 
‘The author states that the writer advised cc contraction joints: in buttresses 
_ arches in 1994. This is ‘not quite correct, since the writer. advised con 
sideration of “temporary” joints’ and suitable construction methods. 
Recently, in connection with the ‘design of two multiple-arch dams, the 

writer, in collaboration with other engineers, ‘gave this question careful | con- 
sideration. The « consensus of opinion was, that it was better to reinforce the: 
buttresses in an attempt to prevent unsightly cracks, than to attempt to 
vide shrinkage joints, which would be likely to ‘promote cracking i in the gen- 


eral direction of the joint, , unless they started at the deck and went ‘entirely 


ai ‘through to the foundation (see Fig. 11). | ‘Additional steel was placed near 
_ the groin line and parallel to it, in order to counteract the swelling- shrinkage 
diet already mentioned. In addition, it was agreed that the buttresses should 

__ be constructed as far ahead of the arches as possible, | in order to give them a 


chance to ‘shrink before t the arches were poured 
iy This paper will have an important and beneficial influence on — 


dam design, and the author i is to be congratulated for presenting it. 


Transactions, am. ‘Soe. B., Vol. LXXXVII (1924), p. 276. tad 

-—® Loc. cit., p. 311; see Fig. 42, showing cracks in kate Hodges D Dam. 
Lee. cit., P. 311, last paragraph, 
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DAVIS ON BUTTRESSED DAM OF UNIFORM STRENGTH 
V. Davis,s Assoc. M. Am. Soc. OC. E. (by letter). he author 
is 4 pn a valuable contribution to the art of dam design. This'p paper —— 
i 


the important principle that a dam is a series of elementary curved, inclinec 
"columns, ¢ each of which transmits part of the w ater pressure from the water- . 
bearing ‘surface through | the structure to the foundation. 
will t treat. several phases « of this principle, as developed by Mr. Scheoree, and will 
demonstrate that the principle may be by the trial 


his “ Synopsis”, e author makes the following statement: 
4 7 


if it “The theory is based on the} conception of elementary arched column units 


rene which transmit the water pressure from their respective deck areas directly | 

2 — and in uniform compression to the ground, together with the accumulated | 
dead load. column units” can be combined to a monolithic 
air 

rack the writer unde 


the 


to yan a monolithic buttress, In the writer’ 8 opinion the: ‘stress 7 


and 

— conditions in a buttress considered as a 1 monolith: w ill not be ‘similar to the 

which stress conditions in the elementary columas when they are considered inde- 


pendently. TI he elastic properties of each elementary column will have some 
relation to the elastic Properties of each adjacent column and, 


in arriving ‘at the stresses in the s structure, the deformations | in the buttress 


 Buttresses are not ordinarily. ‘constructed as rectangular. sections and their 
‘structural properties are materially influenced by combining -haunch or 


are ‘monolithic deck areas with the buttress section. For instance, the monolithic | 
tresses deck shown in Mr. Schorer’s design example (Fig. 11) w ill have the effect 
id con- § +i moving the center of gravity of a horizontal buttress section in an up- 
stream direction. ‘When the buttress is considered as a monolith the effect of 
“tis added up- -stream area will be to increase the eccentricity of the 


. loading. If the inclined coh olumns were designed so as to show zero second 
‘principal stress along the joints: when considered nd — 


tension down stream from the sick if the buttress were analyzed monoithically 
and the effect of the horizontal deck area a were included i in the computations. — 
In the monolithic analysis the increased eccentricity would lower the vertical 
normal stresses in the ‘up-stream portion of the buttress and this, in turn, 
would change the second principal stresses from a value of zeTo down stream 

of the deck to some value in tension. ‘On the other hand, the second | principal | tee 


_ stress throughout the deck will be compression. | The writer believes that the S 


entirely 


near 


results obtained by considering the buttress as a monolith will be less favorable 
- than those obtained by Mr. _ Schorer’ s method and » therefore, would be more 


conservative to use in buttress dam 


 * Cht, Designer, Ambursen Dam Co., New York, N. Y. 
“eRecetved the Secretary, 1980, 
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s in ren agreement. with Mr. Schorer in the statement that 
‘the economy may be obtained through the use of a buttress dam in 
which the first Principal. stresses are of uniform | intensity and approach the 

value throughout the structure. . The results of several years of 
research, however, shave’ convinced the w riter that the same ‘structural Prop- 

erties, that is, uniform strength, zero second principal stress, etc., may 
obtained i in a buttress of triangular shape with approximately 
4 horizontal sections. These properties mi may be readily controlled t through the 

"proper ‘selection ¢ of both the up- stream 1 and stream buttress slopes 

also” through the use of pilasters o on the down- -stream face of the dam. The 

second principal stresses in the designs developed from ‘the research already 

6 mentioned were relatively high values in compression and this property, in 
the writer’ opinion, adds a a substantial margin of safety to the structure. 
i. 7 Failure to include le the effect of possible second principal stress in compression | 
: or tension is ‘perhaps. the | greatest | objection to the use of Mr. Schorer’s method, 
which gives results only \ with reservoir full. Under all other loadings the 
ca second pr incipal stresses will b be compression. es The ‘inclined joints will only be 

4 on trajectories of first principal stress with reservoir full, and with the reser- 

— partly filled light sheari ing stresses will be. developed. across these joints. 

‘The writer believes it is important to determine these stresses and to provide 

- keys 3 in “the joints or other means to take care of them in order that the 

monolithic character of the atractare as a whole may be preserved. nnn ‘ 
or reasons outlined the writer prefers the ‘trial method of design, 
even if its use is somewhat tedious and involves considerably more labor than 

Mr. Schorer’s method. The trial method i is general and may y be applied to the 

analysis of any type of dam. is understood, of course, that i it must be 
carried far enough to completely the pringipal stresses and their 

- directions and also the shearing stresses in all parts of the structure. It is no 

longer adequate, as Mr. Schorer points out, to base a design « on the determina- 
tion of vertical normal stresses alone, as the second principal str resses | may. have 

h high values in tension with the trapezoid of vertical normal stress entirely 
In applying the trial method the principal stresses and shearing stresses 
be determined directly, from the vertical normal stresses by means of suc- 
cessive integrations. ¥ The writer believes that this procedure was first intro 
duced i in the United States by » the late William Cain, M. Am. Soe. CO. E., in 
1909.9 Jacobsen, M. Am. Soe. C. E., first showed the necessity for taking 
into consideration the principal stresses in a multiple-arch dam.’° 
* Figs. 18 t to 23 illustrate, the application of the trial method of analysis to the 

- design of a typical high dam of the gravity type; and at the same time they 
illustrate the development | of the. inclined column principle. The 
_ tions were not carried out for,the upper half of the structure, but were carried — 
far enough to illustrate the points raised in this discussion. No uplift ‘prese 


was assumed i in making these computations. — It is essential, of course, ie 


Transactions, Am. Soc. C. E., Vol. . LXIV (1909), Dp. 208, 
+ » Vol. LXXXVII (1924), Pe 276. 
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F DAVIS ON BUTTRESSED DAM OF UNIFORM 


these pressures are | 


more important in ‘sliding ona ‘overturning than stress intensity 


and | distribution. it is possible that uplift - pressures may vary from zero to 


Maximum 


/ 100% of is full static head at the heel and, 0 course, any assumption of this 
kind may give fictitious values. Inasmuch as the principal stresses may 

maximum values with no uplift pressures, this assumption was 
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st Tesses acting | on. elementary prisms, pheaxing on. 1. these. prisms ‘may be 
obtained, and from these may be obtained shearing stress intensities, as shown 
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DAVIS ON BUTTRESSED DAM OF UNIFORM STRENGT scussions 

on ‘Fig. 19. ‘The. same procedure may be followed in "determining horizontal. 

forces on ‘elementary prisms and from these may be obtained the horizontal 
normal stresses shown on Fig. 20. = _ ‘The necessary elements are now at hand for 


determining the principal stresses their These n may ray be obtained 
of using “Mohr’s circle. 
stresses; Fig. “shows curves of principal 
and Fig. 23 shows the trajectories of the first and second principal stresses. 


Denotes First Principal Stress (Compression) 

6, Denotes Second Principal Stress (Compression) 


It will be observed that the directions of ‘the principal stresses follow 
; Pn. definite e mathematical laws and form regular ct curves which are normal to 10 the 
_—up-stream n face of of the dam and asymptotic to the down- -stream face. This veal 


5 attention again to the fact that the dam is a series of curved, inclined columns, ; 
4 each transmitting part of | the water pressure from the 1 up- -stream face to the 
foundation. The curvature, of ‘course, Tepresents the weight influence of the 


2 
masonry. These illustrations also serve to show the ‘uneconomical u: se of 3 


material i ina gravity dam design. Maximum stresses and maximum 


type it is possible’ to keep all these’ throughout any. 

_ horizontal plane and thus make the most efficient use of the material. The 
: differ nce in cost of the buttress ; type and the gravity type of dams represents, 
after all, the difference in the value of the material required for stabilizing 


i ‘for the gravity dam. In the gravity dam dependence is placed | on 


the weight of material in the structure alone to attain stability. - This means 
an unsatisfactory stress distribution. In the buttress type, stability i is obtained 


through the use of an inclined up- stream face which | introduces heavy” 
stabilizing water loads on \ the j oer pots allows a an economical | use of 
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OF CIVIL ENGINEERS 


By R. L. VAUGHN, Assoc. M. AM. ‘Se. 

Assoc. M. Am. Soo. Cc. E. (by letter).™ 1—This paper, the 


“most valuable which the writer has | seen on the subject, i is, perhaps, unique. i 


points the 1 way to what has seemed a hopeless task, the application of scientific 


reasoning to that exceedingly complicated affair—a pipe-line dredger. 
The writer has made several attempts to hydraulic theory to 
dredger pump, and invariably has come to an : abrupt stopping place 
tion (2). ‘This i is the customary formula given by many authorities on pump > 
- design, but the writer always has doubted whether it was even approximately 


“true when applied to the pump on a pipe-line . dredger. If the material passing» 
through | the he pump were a a uniform ‘one, such as water or mercury, the — 


~ 


to the i: The reason for introducing the factor, | w, is to convert the fundamental 
is calls , “power equals” force times" distance divided by time”, into a 
Tums, which can be applied re readily to tl the conditions of a centrifugal pump. If the : 


to the pump is handling a a mechanical mixture the v weight of which may (and often * 
of a> does) vary widely from moment to moment, the question arises as to what 
use of value should be assigned to w. In the ordinary texts, w is used as if it were 


ximum the weight of material passing through the | pump, although several 
of the observations indicate that at this not be correct. Ou 
Gin 


yut any es Indicating wa watt-meters have » frequently been observed while connected to a 
.. The pump motors of constant speed working on long pipe lines. When the digging _ 
resents, ‘was stopped and clear water pumped, there was no observed change i in a 
bilizing except such as could be ‘accounted for by rapes in w veight lifted to. the pump, 


Get, there ‘should have been | a a marked change in 1 power : ‘as soon as s clear 1 water 


S heavy Nore.—The paper John M. Am. Soc. C. E., was published ‘in 


November, 1930, Proceedings. This discussion is printed in Proceedings in order that the — 
views expressed may be brought before all for further discussion. 


Received by the Secretary, December 16, 1920, 
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= 


Not some | with a of theory on 


the: design of centrifugal pumps, comes fe forth with a proposal to revolution- 
a ize ‘the dredging business by arr anging to introduce the material into > the water. 
after it has passed the pump. Mechanical details with the originality | of 


ad If a any - advantage we! were to be sine by hecpiine the value dn low, that is, 
if the w weight of the material actually passing through ‘the pump were related — 


to the qi question, there would be a a great possible saving in power by keeping it 


2, the inventor, but the basic idea i is that the pump will be handling clear water tans 
— 7 ‘and can be designed to give much higher ‘efficiency than an ordinary dredger fi ted 
will show. too, of course, , the adde antage of greatly decreased 7 

we ear on the pump is s stressed. Hit}. 


-__- Jow in the equation for power, , and the idea might not seem so far- fetched. a. “of th 
Be te A number of hopper dredgers have been built wi ith arrangements for pump- oo" 
ing the load ashore. The e general arrangement has been a long suction. line 
. passing under the hoppers, with valves in each hopper discharging into the mr 
4 pipe. The material was dumped into the suction because this was the obvious wnit 

and simple way to do it. If any real advantage existed in keeping the value of it ay 

w low while the mixture re passed the pump, it w ould be comparativ ely easy, and fnely 

“not too expensiv to insert the material into the discharge line instead ¢ into 

suction. No one seems to have discovered any such erivantage. puny 
Designers have assured the writer that, if a pump were handling clean th be 

_ water and a boulder were | introduced into the line, ‘there would be a momentary oN 

*. fluctuation in the watt- meter, corresponding to the change in weight of the line, 
while the boulder passed through the pump. The absurdity | of this tiate 
contention: will b become evident “if tw two extremes are ¢ considered. Suppose: that a Bout 

‘pump is pumping water against a considerable lift - and friction head. + Imagine of it 


7 _ that the liquid (in the pump only) is replaced momentarily by mereury. Accord- ate’ « 


a to the theory the power input should i increase at once about eightfold. or M 


Again, suppose the water is replaced by some incompressible but w weightless 

using 

liquid. Then tl the power should « drop 1 to zero. an Evidently, in either hypothetical wéigh 

ease, the total work being done « on the system would remain unchanged, except | vabin 

Tat For these reasons, when considering a dredger pump, the writer has always incre: 


= felt reluctant to accord to ‘Equation (2) that veneration and respect which the obtair 
authoritative of a subject are to merit. ‘Furthermore, t the 


writer's s opinion ai of the texts: with w hich he i is s familiar, is a not which 
4 the power consumed by a a dredger p pump is not wholly independent of the weight & ;, 19) 


the actual pump in each case. It will be cmaiana if the author will offer except 
any which will make thi this bo 


_ assumption is not true in practice because as a rule a dredger ddek not tiga a 
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“from true. 


Ls 
ater 


Of clay is : pumped 3 000 or 4 000 ft., , on greater portion of it will 
be Sndeened on to the fill in the form of lumps and balls, while if it is ie 
10 000 or 12 2 000 : ft. (even without a booster), in many cases a large ‘portion: ' 
will come out as mud. _ Therefore, to state that the friction head i is a linear 
function of the length < line is to state that, for a mixture of a given weight, 
the friction is the same . whether the mix is a 1 thin mud or i a combination of 


water and balls. 7 Me anifestly, this is not true, and y yet Equation (4) is 


amp len T ‘et appears to be s some  caatiaaiiamn in the meaning of C. From the nota- 
line & tion, and in the text under the heading “Ec: conomic Velocity under Typical - 
o the j Service Conditions”, it would : appear that C is ‘the unit cost for labor plus the : 
vious unit cost for all pote: er consumed on the dredger. Tn ‘Equations (1) to (10), 

fue of = it appears that only the unit cost of power consumed by the main pump is : 
and included. Experience indicates that, generally, when ‘digging clay, at least” 
seme one- quarter as much power will be required by the cutter as is used by the | 


nex pump, ‘and the ratio is often hi gher. - This would seem to be too large a factor 
¢ to be neglected, even in an ‘approximate solution. “eae ee Taare 


entary B Nothing i is more certain than that w will vary with the velocity in the — 


of the 3 ie, and yet it seems to be treated a as a constant w hen the equation i is ‘differen-— 
of this tiated. . Thus, the writer looks upon the mathematical treatment resulting in " 
» that a 


4 
Equation (10) with some misgivings and would like much more explanation — 
avi 
magine of it. However, it is interesting, and worthy of careful study, 2 as it may ‘indi- 
\ccord- cate correctly the effect of varying certain factors in the general problem. er na 


htfold. Moreover, it must be. confessed the results’ which the author gets by 
ightless using’ Equa ition’ (9) are in’ line with the writér’s experienc A "decrease in 
thetical 


weight of material gives a relatively great increase in output. A considerable 


except variation in pipe-line diameter not produce much change in desirable 


pipe- -line Velocity. Again, on the | average, large pipe lines, with suitable 


é increases in power, m make for reduced unit costs, and are 


In general, the paper describes a fine dredger errs affords little to criticize — 
ee or question in regard to its mechanical features. — The need for strength and 
ntly the 


— rigidity in the hull is illustrated by the experience of the dredger, Houston, 


+ which sank in a depth of 30 ft. of 1 w ater in Galveston Bay during the hurricane — 
e weight & in 1915. At the time she sank both spuds and the ladder were down and the 


s a col H hull came to rest nearly lev el longitudinally, upside down, with the bottom A ‘@ 
istics of making an angle of with the horizontal. The hull of wood 
will offer exceptionally well designed and well built. was 165 ft. long, 44 ft. beam, im 
and 14 deep, with no trusses extending above the deck. The stresses which 
weight of this hull uriderwent in rolling over as it sank, then rolled back and 
then the | raised, cai’ bé imaginied. (In explanation of how a hull 44 ft. wide could roll 

en. The | Over in 30 x ‘of w ater, it may be well to state that the hurricane had raised 


the water to. a depth of about 44 7 ) Sadia the > hu ill oe ee the 


‘cotter 
01 it often happens 
that the line 1s entirely- cleared of material while “fleeting ahead”, 
y of q 
doer > 4 
— 
it 
— 
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storm, when there was 30 ft. of water, was difficult. Extensive re- caulking 


and some repairs s around the ladder and spud- wells put the dredger back inf. 


service, and, with some additional repairs, the hull is in good « condition to-day lls 


_ The installation | of a gyroscope compass is a refinement not hitherto c con- 
_ sidered justified on a dredger, although as early as 19138 a device was proposed, 


and 

consisting of a recording mechanism actuated by a gyroscope and also 

a ~ nected to the ladder, so that the device would draw a cross-section of the cut can | 


at each set-up. . This proposal was rejected | on the homed of spree and for ee 


plan 


boar 


Some m mechanically "successful Diesel- -electric dredgers have been built. cont: 
They are not without advantages. Practical Diesel speeds do not correspond possi 


suitable dredger- -pump speeds, and if direct- connected, it is to. 
gears. The adva ntages of flexibility to be ha dw with direct current “are Jers 


Ne So recognized, , while the shocks which a Diesel engine gets when directly geared é 


to a cutter are not conducive to trouble-free operations, However, when the to ki 


- added capital ¢ cost, the additional skilled labor required, and the additional | was 1 


the Diesel- is the best design. Ona a large it probably i is 
"the best, due t to ‘the possibility « of using several moderate sized duplicate 1 main § * 


engines. & Up to a size of at least 1 000 h.p. on the pump, the direct Diesel dred 
, No information is at hand concerning the power distribution conditions 
- throughout the territory in which this dredger i is to be used. On the Pacific 
Coast ‘power is abundant, cheap, and available nearly everywhere at 11000 


volts, alternating | current. As a result, most successful dredgers there are 


electric ones. ‘These are simple, relatively cheap to build, and inexpensive 
to operate. Power i is brought to the e dredger on pole lines (often built over - 


the water) and by 1000 ft. or so ) of armored cable; it is then reduced to 2 200 the ¢ 


7 a volts, the transformers | being located d on the < dredger or on a | scow moored | along: 

side. All the principal “motors a are usually 200- volt. alternating- current 
machines. s. At Any oth other voltage is readily 


oe _ Rotary converters could be installed and the power converted to di direct 


as on ‘the dredger, but this has never been d one. Direct current “has 
- advantages: as to flexibility, but these have not been considered sufficient to wits 


ae warrant the additional i investment, complications, and ‘power loss. st _ The mail 

"motors are of the phase- -wound induction. type. | ~ Some variation in speed is 

obtained by. means of variable resistances in ‘the rotor circuits: (external). 

However, variable ‘pumping -eonditions are usually "changing 


J A recently developed device will give these motors a range of speed | from 


Bs below to 25% above the rated speed, maintaining constant torque, with 
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sions 


king 14 The first turbine dredger to be built had ‘a turbo-generating unit produe- 

in ing: alternating current at 2 200 v volts, and was otherwise arranged as as 
-day pllainy electric machine. It was a simple matter to install | transformers on 


“a scow, bring power from shore when available, and dispense with the steam 


con & plant. It was found that operating costs could be much reduced in this way, 
posed, and the dredger is . still : So operat ted. At present (1931), larger motors have 
eve been installed and the steam plant could not begin to give the output which 
le cut can be had by taking power from shore. 


id for Ong paper, it is easily possible yee er can be generated on 
board more cheaply than it can ashore. . These calculations, 
om applied to a  dredger, usually prove to be “a delusion and § a snare”. Dred ing 
built. contractors find it advantageous to from the po power business whenever 
ary to It is understood that the anticipated were such that the 
nt are Jersey must have her ‘own power plant, and that, when considering | the design, 


geared § the advantages of direct current were attra active; but it w ould be interesting - 


en the to know w hether the possibility of ‘obtaining power from shore, occasionally, | 


=} 


tional “was fully considered when selectit ing the type of electrical equipment which was 


ably i is 3 The “author's statement that the largest ‘practical diameter of pipe is the 
main most economical, may be misleading. is true as regards power expenditure | 
“Diesel Pet unit of material transported. is far from being true as regards a 
ie dredger of stated power. or a given machine, when pumping mud, the 
ditions largest line within reason w ill be the best, ‘but in pumping ‘any mixture that 
Pacific will segregate, there will be a minimum velocity which must ‘be maintained. 


11.000 This velocity will vary with the size of the par ticles in the mixture, and w ith 


the percentage of dilution. the line is too large, much 
pensive must | be pumped, and there i is no economy in that. In fact, “most dredgers do 

Alt over 2 have power enough { for the size of the line; very few of them can pump all 


to 2.200 the clay they can dig for a distance of 6 00c ft. It is often a question of whether 


d slo: or not more power should be added. ~ More power means more pressure, which os 


uss coal causes trouble. The ball joints s freeze; there is more trouble in holding the line — 
vuxiliary together ; and heavi ier pi pipes are required. _ Often, ‘it is better t to put ina booster. 
Selecting an economical size of dredger for a contractor involves so many 
ee direct practical considerations, that a mathematical analysis” can only be used : as a 
Pry guide to the judgment on @ a few factors. T he tendency i is toward larger sizes, 


undoubtedly. ‘The a uthor has. selected a 30-in. machine. For jobs of some 
he cain magnitude this is probably 3 not too large, although for a ‘Series of scattered 


aa jobs, each of, say, 1 from 100 000 to 50 5000 000 cu. -yd., coming up ) from time to time, 
sam some « contractor with a ell- designed, 22-in. machine, having a 500-h. p. cutter 


ging the and al 500- h.p. pump, ‘onl furnish | plenty o of competition. — hs 


a x - Be that as it may, the 30-in. diameter having been decided upon, 


step is the question of how much pump power is suitable for this. size of asf 
que, 18 may be approximated by remembering how much power the designer 


Wishes he had had on some previous dredger which worked fairly well, : and ~ 


stimating that the powers should vary, roughly, as the squares of the respective 


pipe- “line next step is to estimate how “much: digging power is is 


ras far a8 
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~ needed to minis this pu pumping outfit busy on a reasonably short line. Experience. 
indicates that at least one- -quarter the pump power should be available for the 
7 cutter, , and more may be needed. The New Jersey has a. nominal ratio of of one- 4 
- fifth which x may be found ample, particularly as this is an intermittent service 
Wy The writer fully shares ¥ Mr. Cushing’ 's opinion ¢ concerning clay with boulders. 
it. Any dredger which will perform, even passably_ well, in ‘such material i 


a par machine. During the early days of the dredging business it was con-| 


' sidered necessary to install a “stone box” in the suction line just st ahead 0 of ‘the 


Fem. This device was provided with grate bars intended to prevent the give 
entrance into the pump of anything that could not pass through. | Eventually, | settl 

ia it was found that the trouble with the stone box was that it worked too well; are : 

it “were intolerable. Runners: were obtained volu 
which would pass anything that could come up the suction line; the g gain in diffe 

= running time far more than up for any loss pumping efficiency. 
Present } practice is to have a suction larger than the e discharge, in which case 
a it is not 1 necessary to have a runner which will 3 pass 8s larger ‘objects than can 
‘ down the line. With a cutter having a ‘maximum opening of only six- 


tenths the diameter of ‘the } pipe there should be no rocks sticking i in the pump, § 
although trash may. Other cutters are used, having larger openings. 


such cases, where necessary, the ‘condition is ‘met by ‘inserting intermediate 


rings in ‘the | cutter, or by placing a bar across ‘the mouth of the suction pipe. 


An extended experience with trash, buried forests, saw- -mill slabs, pile stubs, | thd 


‘ ete., might modify the author’ ’s opinion concerning the relative value of high hier 


. efficiency i in a dredger pump. Large rocks can be excluded from the suction, 
but these other things can not, _and the manner rin which 1 they can plug UP 2B coon 


a runner is traly remarkable. Ordinarily, if the runner can pass anything which orn 
= can pass through the line, there will not be much trouble from this source 


Runners with. smaller openings can often be used, and are better. A few years val 


arts: 


ago a two- -vane runner was developed at New Orleans, | La., for p pumping sewage. 


Built somewhat after the fashion of a weedless propeller, it w ould pass ‘just 


about anything, and when | adapted to : a dredger it did 3 yeoman, service in the Wat 


Coast 

‘per day, : <i the operators spent little time in vain regrets over the cst’ i ‘ 

_ The author uses an 1 efficiency of 70% for his pump, which is to perform 

ans OF SST slippe 

heads ranging from (125 to 220 ft, with no alteration other than a a 


in speed, Few centrifugal pump designers would undertake to design 


a water- “pump to maintain such an efficiency over this ‘Tange. When its 


lela that in a dredger pump the disk friction is much higher, that the ia 
turbulence i is necessarily far greater, that the passages through the pump ! mus we 


be much larger » than i is desirable, that the surfaces of these passages are any: the cl 


thee 


thing but smooth and highly polished, and that wear is constantly changing a 


theoretical lines, it is very doubtful whether any -dredger ump | even 
approaches this ‘efficiency. the author has any data to sustain such on 


‘interesting. 


efficiency, such. information would b 
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variable v: values of L. It is certain that w will vary with the length of line and 
with the velocity, w hile, for some j materials, f will vary y with: the length of ine 
‘independently of any variation in w. When this last factor varies, then f, 
and are all variables. It would: be a contribution of the value 


“the | escription indicates that the first fill, did not come much above the water 
an Under such circumstances a comparatively light load is placed on the 


Migs" 


Table 2 has been computed u using one set of values for w, f, b, and D, =i 


The author s states that the volume “ts a clay will be a linear function of the 
water content, and, of course, if this is true, then the statement: follows, as 


given, that i in a fill where the change i in dimension i is all in one direction the | 


pens) 


abitlenient will be i in | greater ratio than the ti in water content. — Tf there 


a cut, in clay or required ‘make a given fill, is very and con- 
tractors as a rule are reluctant to bid on fill measurements. 


Ais A combination of ¢ causes probably contribute to the great difference in : 


shrinkage between the first and second fill shown in Table 1. For one e thing, 


original bottom, and there is little chance for the newly deposited fill to dry _ 
out. Furthermore, with less than two-thirds of the fill placed, a large settling E 
basin must have remained and, consequently, there was only a small loss through ~ 
the spillway. When the second fill was placed, it was mostly above water 
where it could dry out and shrink; also, the superimposed load expelled 
water from the first fill and from the underlying bottom. _ Again, , during the —- 
second season’s work the settling basin was becoming filled, and there’ were . 
greater losses through the spillway. Under ‘some circumstances these losses 
become quite appréciable, and no computations of volume > ratio are of much > 

The description of liners in’ the hull pipe and fittings b: brinatt to mind an 
experiment made by the writer, which may be of interest. During the World | 
War the problem of supplies and repairs was especially difficult 0 on ‘the Pacific © 
Coast and any desperate expedient was justified. t One job on hand involved the 
moving of about 2 000 000 cu, yd. of mud and 750 000 eu. yd. of clay wideh 
was in a fairly level strata under a’ portion of the mud. The mud was a fine 
slippery bay silt, containing less than 1% of heavier particles, grains of sand, 
and small pieces of broken shell. The clay contained considerable small sharp 
gravel. last” combination works on the principle of the diamond drill 
bit and i is ; guaranteed to wear out ‘anything rapidly, but there was no reason 
to anticipate more than nominal abrasion from the mud. is was proposed to 
Strip as much of the mud as possible and deposit it in one fill and then dredge 
clay ‘anid! deposit it in another, atid closer, fill. anil 

Pipe: was scarce, exorbitant in price, and was ‘only available in low ‘eadbon 7 
steel which wore out rapidly. — Records | were on file s showing cases in — 
at least 2.000 000 cu. _yd. of sand had been handled through a single installation — 


of wooden stave pipe. Several manufacturers of this pipe were located in the - 
: 
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and were in a ‘position to fill orders promptly. It wooden pipe 
would handle 2 000 000 cu. yd. of sand, there was no reason to think it would 
‘not give equally good service w ith soft slippery mud. Of this pipe, 1 000 ft. 
was purchased | and installed i in the > most permanent part o of the line. | It lasted 
just five days. during which it carried about 50000 cu. yd. of mud and then 
blew up. More steel pipe was coming through the shops but there none 
z spare on hand, : and the experience was aggravating to say the least. No clay 
ue had happened was tl that t the / coarser - particles: settled to the bottom | of 
_ the pipe where they were dragged along by the stream of mud and did a maxi- 
ie mum amount of cutting. _ A width of about 6 in. .on the bottom of the pipe was 
practically : all cut away while: the ‘remainder ‘of the e pipe s showed no wear at all. 
‘This circumstance suggested another experiment. . ~ Another 500 ft. of wooden 
w was purchased and sent to the pipe shop where the bottom third was 
dined with soft steel plates in. thick Al the liners were punched to tem- 
— and held in place with small bolts, the purpose being that when the plates 
wore out they could be easily replaced. - This experimental pipe was installed 


in the line and it never did wear out. te carried about 1000 000 cu. yd. of 


_ mud and 750000 cu. yd. of clay, and | outlasted two sets of steel pipe. ihe shy 5 

= “al Ay The method used by the author | to determine velocity. in the pipe line is 

a interesting, but can be used only in fresh water. _ Permanganate and several 

different dyes have been used with ‘satisfaction it in salt water The coloring 
matter is easily introduced into» the suction. rough rule which is nearly 

“ correct, is as follows: _ The velocity in the line, in feet per second, is equal to 

four times the Sueno distance, in feet, traveled by the stream w hile it falls 

: - the first foot after ' leaving t the end of the pipe. That the rule may be correct, 


it is necessary that the pipe be full at the end, eames it be micheal iii: 
4 tally, and that the stream be falling Sede. pie ai 


- * het this is the first time the writer has heard of its actual v use. | While it it is 
5 true that there is comparatively small stress on a spud ne near ‘its hii still this 
; sounds Tike an a additional complication which - may give e trouble. ve Unless ‘they 


length at lower square subject 

On the 

other hand, it is a square a one. 
ae ~ One steel spud was built 24 in. square from 1-in. plates and 8 by | 8 | by iin. 
Ba” tes angles. . This spud 1 was lagged to a round shape with hard wood; it w as - used 
n a 36-in. round spud well, and gave complete satisfaction. 
‘The use of two steel spuds is open to one objection. | ul Sooner or tener 
Teverman will get careless and swing both down. When this 


happens it is preferable to have one w ooden spud to replace rather than to have 


>: deal with two bent ‘steel ones. — Even if the lever rman never makes a mistake, 
; a swinging wire » has been known to carry away when the -dredger was in 8 


ross-current with both spuds . One. spud is used only “fleet ahead’ 
d there is no necessity for having this one as oren as the digging by " 
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HIGHWAY LOCATION: GENERAL ‘CONSIDERATIONS 


By Mzssrs. C. MULLEN, AND H. L. THACKWELL 


6s. Mutien,* Ese. (by letter). has his so 
Pe that a discussion i is practically limited to an approval or ‘hail 
Greater emphasis might ‘be on the fundamental assertion that the 
life of a highway i is not a function of waihien, but of location. ~ Thousands eo 


examples : all over the United States could be cited, where road surfaces entirely 


adequate to carry existing traffic for many years are being abandoned, because _ 7 


the location o1 on which they were built i is no longer safe or economical, — ae 
7 The use of aerial as an aid to highway location is com 


The suggestion a as to of horizontal curves: to secure increased 
sight ‘distance is, in the writer’s opinion, questionable. As the added sight 
. distance i is | desirabl e for greater safety it is suggested that this safety feature ; 


could be better secured by widening the surface at summits, than by 


breaking up ) the alignment and introducing a curve which is | a constant poten- 


« 
a Mr, Gilchrist’s belief i in the democratic principle that the majority shoul 


rule, is not a safe guide in highway location. It has been demonstrated 


number of times 1 that where this principle has been followed, serious mistakes < 

have been made which later were condemned by that selfsame majority. a ; 


— The: question as to locating a highw ay so. as to pass through all | cities and 


small towns on it its approximate | route, is one of the most puzzling that confronts — fy 
the highway engineer. It is believed that in such cases the question of traffic A: 


congestion ‘should receive most serious ¢ , Soneideration and the location made, 


if possible, to avoid this condition. 


4 ry conclusion, the writer believes Mr. Gilchrist’s paper to be fundamentally < 
sound, expressed, ‘and a valuable addition to the subject of highway 


ig eee paper by Gibb Gilchrist, M. Am. Soc. C, E., was presented at the Joint 

Meeting of the Highway and Construction Divisions, Dallas, Tex., April 25, 1929, and = 
lished in November, 1930, Proceedings. This discussion is printed in Proceedings in order “ye 
that the views expressed may be brought before all members for further * discussion. 


*Chf. Engr., Dept. of Highways, Richmond, Va. 
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given to type of 
ad depends, f first, on its on the width a its sight of way, 
nd that the type was of secondary consideration”, is certainly 


ue in part. There a are other Saahens, however, that play | an important role, 


namely, climate, attention to maintenance, ‘drainage, ete. _ Highwa ay mainte- 
lance funds should vary with the topography, traffic, and climate. 
_ State highways in Texas, as located in 1930, certainly have been i jexcoved 


in alignment, and distances have been shortened by "curve elimination. How- 


ever, grades are still prominent by their frequent | rev ersals. The rigid policy 
of exactly proportioning cut and fill, and not allowi a aste fills or excessive 


borrows, i is not in accord with the vision of to- -mor 
_ Many highways from 5 5 to > 10 years old are being : abandoned or or their locations 


are being changed radically ; ‘such change of mind or policy would indicate 


- that still further changes or eliminations: may be ean in ‘the near future 


A city several t thousand people in Texas surely has an expectancy of 
life equal | to 1000 y ears. It is also ‘reasonable to conclude, in spite of ait 
“travel, that wheeled traffic will still be in v vogue 1000 years hence. if these 
assumptions _are correct, the ro oadbed (earth foundation which an 
—_— long life) should be designed and located so that there would be 
o likelihood of changes i in grade or curvature for many dec cades i in the future. 


surfacing which | may have an expected life of from | 2 


to 30 years 
(depending on the ty pe, location, and tr affic), pT be « changed in a few years 
without- violating fundamentally economic laws. Roadbeds, with right of 


ay and drainage structures, often cost 50% To of the ‘total in places where a 
~ =. standard concrete pavement is used ; hence, a mile of roadbed | costing $20 000, 
. that has an ultimate life of 1 000 years, would capitalize without interest at 


ihe is $20 per mile per year. ~The concrete surface might also cost $20.000 ($800 per 


mile per year), and have a life of 25 years. 


roadbed is. “frequently. altered or : abandoned by change of policy, 
administration, vision, while it still may retain 99% of its expected life, 
but not its economic utility. ~The surface, however, ‘is never abandoned ot ar 


changed, until its useful life been largely exhausted. 


> does “not take great imagination | to visualize railroads steel 
Ors and ties with conerete surfacing and | using huge wheeled vans ‘drawn by 


tractors or individually propelled « cars. : They may run on their own roadbed i in 


oy 


the | country districts and, traversing cities, run on city paving ‘and unload the 


gor 


and freight at warehouses wherever they may be | situated. 


- State highways of the future will abandon | the present system of numerou: 
hort reverse grades and deep drainage ditches, and will incorporate ‘storm 


sewers, curb, a and gutters, with widened pavement similar to cit 
thus taking care of the ever- increasing traffic. Such a highway 
a provide relief from, congestion, will increase safety, a1 nd will utilize the the 


8@ons. and Constr. Engr., Jacksonville, Tex. 

@ Received by the ‘Secretary, December 31, 
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by plane- table topogr the latter being ie its absence i 


e writer, ‘is of the ion that ‘aerial lo 


e always projected on ratte maps which we ere wibby accurate 


f to sie possible an economic paper location that would conform to any precon- 
ed rule as to alignment ‘and grade economies. 


The dissimilarity between highway location and city street location 


eee most strongly by the te ndency for highway grades to be above the 


policy _ adjoining property so that at t free drainage may be adequately maintained. . In 

cessive “city | paving, on the contrary, the grades are lower than abutting ‘property, mand 

hae storm water falls over the curbs and is 3 ejected through the storm sewers. > This 


cations: cardinal difference in tendency has caused many cases of objectionable grade 


ndicate F - transition on roads located through small cities, by highw: ay engineers, and 
future construction carried out hid city engineers at a later date. 


| UN 


of be have grades, fewer. deep ditches, use 
of ait i, made of storm sewers and | gutters, and a gasoline tax so proportioned for main- 


these tenance that the hilly country with: high precipitation would more 


has an mn iaintenance funds per mile of road than the flat dry country of equal 
ould te ile weight. | No State aid for cities should be permitted and State highw ays 
future. should begin and end abruptly at ‘city limits. Cities should be required by 


0 years 4 State law to keep, up an economic paved roadway connecting the State high- 

years through the city, that is financed refund of a proportion of the 
right af tax to the municipality. = State highways should be financed, owned, = 
where a “operated by. the State and | Federal. Governments and these groups should no PS. 


$20 000, “expect 2 aid from counties or communities. The so-called co- operation 0 
terest al 

ad Nien selfish h interference, through politics, with economic engineering locations. . The 
a policy, engineer’ s call of distress i is well justified, b but the cure will be at hand | only — 

eted lite, when the financing policies have been changed. 
doned or The grand success of the Appian W ay and | its magnificent permanence are 
due more to the splendid Roman administration policy than to- -the 
engineering of the highway itself. The original location is unchanged d 


‘ing steel 
ing 
the foundation still endures, while gravestones ree and id empires fall. ae 


jraw n by. 
oadbed in 
mnload the 


numerous 


ate storm 
ar to cit? 


utilize the 


role, A. 4 
ainte- 
— 
— 
— 
— 
— 
— 
— 
— 
— 
re 


H 


tin G 


a 


7 


‘or 
vai 
— 
— 
mot 
moi 
roa 
“adh 
bof 
tra 
| tra 


CIVIL ENGINEER 


ris, HIGHWAY L LOCATION: ais 


Bisuor,’ M M. Am. § Soc. E. Tetter).2\— -Th he primary use of a 
{ 
‘mod dern highway, generally speaking, i is to Provide means for vehicular trans- 
portation of the various classes of travel and commercial haulage from one 


common center to another, either local, ‘hate: or National. _ They should be 


tablished over the most direct route possible with the least. gradient. “The 

most direct route may be defined as a road with alignment free from curves” 

t that have dangerously short sight- distances based on the importance of = 


‘road and the speed limit involved; and the least gradient should be such that 


it will not retard materially the reasonable ‘speed of present- day vehicles. 


‘The most direct Toute and least , gradient, however, , may be dispensed with 


advantageously, to some extent, in certain areas of heavy snowfall for reasons 
of economy in snow control . These factors may be ignored also in cases of 


scenic ¢ development, when locating forest and park roads or other Janes” 


travel. 


el 2 the winter of 1929-30 the States in the heavy numa area of the 


"country reported that about 185 000 miles of main rural roads were kept clear 


“of snow at an approximate cost of $8 250 000, and statistics show that more — 


‘than 779 000 private: automobiles entered, and than 2270 000 
[ visited. the National | parks during the 1930 season. — - Also, more than 28 760 7 


people visited the + various National forests by automobile during 1929. 
The cost of clearing roads of snow in areas presenting certain a 


bat 


features can be greatly reduced by appropriate study of the proposed locations, 


and consideration should be given to the » many patrons of the great out-of- door 

sections by creating alignment f for the roads built, that “unfold, to the 
dest advantage, the scenic wonders of the region visited. 
to Prevent Snow Dr ‘ifting .—Removal of deep is likely 


create considerable expense in regions subj ject ‘to heavy gnowfall, and anything peel : 


ee NotE.—This paper by A. R. Losh, Assoc. M. J Am. Soc. C. E., was presented at the — + ae 
Meeting of the Highway and Construction Divisions, Dallas, Tex., April 25, 1929, and pub-- 

lished in November, 1930, Proceedings. This discussion is printed in Proceedings in adsl a 

that the views expressed may be brought before all members for further discussion. — 4 


2Chf., Div. of Constr., U. S. Bureau of Public Ronés, Washingt n, D. 
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that can be to avifting is of gre eat not only from 


convenience of w winter traffic. 


in planning their n new = relocated conse- 
i - quently, they experience fewer blockades on highways recently constructed than 

on n the older ones. For drift prevention, proper location is often of primary 
_ importance and is influenced by efforts to keep the roadbed away from northern, 
slopes and to eliminate various other conditions | that tend to cause drifting. 
ee ‘The locating engineer for roads of this nature should be familiar not only 

: with the the territory in which he is is engaged in connection with ordinary features, 
aie i but he also should have a. knowledge of snowfall and prevailing v wind condi- 

if tions. In some instances, the sacr ifice of alignment ¢ and grade, toa reasonable 
extent, ‘may be necessary to secure drift- free roads. In open areas the high- 

“way should follow ridges: where possible or should be placed on slopes against 
the prevailing winter winds. Long shallow cuts should be avoided, but where 
‘this is impracticable the location and construction should be such that they 
a in low flat country snow drifting has been lessened and often eliminated 
over a location where the ‘new gr ‘ade can be elevated 2 or 3 ft. above the sur- 
rounding land and with the construction of 1 on 4 slopes. In instances of this 
kind it would also be better tov widen the cuts on either side to the boundary 
lines of the toad. — In mountainous or sparsely settled areas where the winter 

traffic is not sufficient to justify the expense of the roads open during 

the entire winter, proper exposure is highly essential in order that the snow 

“may ‘melt and free the road for traffic as early in the spring as possible. __ ws 

In States. with heavy snowfall a winter radonnisthdande should be made, or 

“at least an inspection, during the snow season and prior to the completion of 


- 7 ‘the é plans i in order that all snowfall, wind, and drifting conditions may . given 


methods’ have been followed by various | States and, i in some instances, have 
caused the roads to remain fairly free of drifts through the winter months. 
‘Tourist Parkways—In' the location of roads proposed to carry 
tra affic, examination of the country through which it is to pass, with ‘reference to 
the topographical features encountered, is necessary. a Furthermore, considera- 
tion must be given to the nature and extent of traffic. On the other hand, for 
‘sight “seeing roads, other questions may arise regarding the proposed lines 
 etive - to greater comfort and convenience of travel and also regarding the 
pleasure and knowledge to be derived from use of the roads proposed. Often 
esthetic ; and historical features are present that suggest modifications of align- 


a  tierit that would not appear as good engineering practice in choosing locations 


_ the final determination of his alignment. — A number of these ibd other 


locating State” and county roads, existing” traveled ‘ways are often 
ia utilized with necessary changes’ here and there to improve the alignment and 

grades ; but for park and forest roads it is at times desirable to avoid all 
both in regard’ to following their alignment and in 
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ON HIGHWAY LOCATION 
erossing them. are built principally for sight-seeing ‘ 
and should be located with the convenience of the traveler in mind regardless 
‘of reasonable extra expense. Where intersections of e existing roads are un- 
avoidable, under or over- passes | should be provided constructed 
where necessary for feeders to the parkway. 
B . For ordinary roads the most suitable locations” are those that reduce the 
imary § yearly « expense for transportation to the minimum, reduce the e annual m main- 
thern “tenance: cost for the roadbed, and keep the: ‘original cost of construction as 


as possible consistent with good engineering practice. These elementary 


y problems are also” applicable to tourist roads in greater or less extent, 
tures, especially ‘Telative to the cost of construction. This first cost depends largely 
condi- upon adjustment of the gr ade to the existing surface in order that minimum > 
onable quantities n may ‘be involved in excavation a eat tebe: and the location — 
high- determined to avoid i in th the largest degree bo both “major and minor drainage — 
gainst structures. For all types of roads great care must be exercised in selecting — 


where locations away from unstable foundations, such as sw and soft ground, 
it they where construction is expensive and drainage difficult, 


— locating tourist roads existing historical sites must be skirted to 
\inated interest f for the traveling public, but they must not be mutilated i in any way by 


he sur- proximity or intersection. — While wooded routes are generally desirable, large 
of this or r rare trees must be ‘spared and saved from the axe. In building -parkways 
undary - deep cuts are apt to cause sears in the natural landscape and, therefore, are 


win nter not allowed. In places where | embankments are essential, instead of balancing © 


‘during quantities in “the usual manner, a reasonable cut is made with the remaining a 4 
1e snow & material provided by borrow from p pits ‘out of sight of the traveling public. ~ When ; 
erate a ony cuts and fills are unavoidable their new su rfaces are re-covered with top . 
nade, or fp soil for vegetation grow owth. = Consequently, in locating roads \ of this character, a 
etion of the availability of suitable loam to mask the scars inflicted must be considered. bs ~ 
be given | _— Forest and park roads usually traverse « one or the other of these play- Ba 
sngineet rounds, form a parkway between them, or act as lanes ‘connecting historical 
id other points. | . Their routes vary in topography from flat and rolling country at tide- 
es, have [& water levels to rough a and rugged mountainous regions 10 000 ft. and more above 
nth > : Sea level. Such proposed roads, however, , usually extend through se scenic country 
ordinary ‘primarily for recreational al purposes. From their nature they f follow wooded and : 
prenice to wild territory where location is difficult. At ‘times, in. fact, the degrees of 
ohsidera- roughness encountered | are such that tunneling i is considered more eco — 
hand, for and desirable. . For these classes of roads, as well as for most others, study of _ 
sed lines the he proposed alignment should begin with the ‘reconnaissance and should 
‘ding the continue until the ‘improvement. is advertised | or construction actually started. i 
Often For wooded se sections or regions with irregular configuration, the benefit of 
of align- aerial photography can not be _over- -estimated. This is especially. y true co: 


locations sidering the fact that a reconnaissance should embrace a territory and 


should not ‘merely. follow a line. From these photographs : a strip of land 
are often location can be approximated between control points. ‘In a general way the 
nent’ and proposed location can be narrowed thus within reasonable limits. With this 


avoid all accomplished, topographical map ps one form or another are very useful. 
- and m Drawn to a seale of 1 : 62 000 such maps are available for - most eciniemesite of 
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Discussions 


te: —e- these are helpful i in n determining a a ‘line, maps covering the 

same territory greatly enlarged are procurable from the: various Federal 

With m maps covering the territory ‘selected from the aerial photographs 
enlarged to about 400 ft. per i in., the b best and most. economical alignment ¢: can be 
determined with surprising accuracy. ‘Another method followed | by the Gov- 
ernment is to use maps for approximate alignment data compiled | from so- 
called strip, topography surveys. The work performed by the U. 8. 
Geological Survey at a cost per “square mile depending upon the scale desired, 
These strip, topography maps are prepared i in about the ‘same manner and 
carry data similar to those found on the ordinary U. S. ‘Geological Survey 

_ maps, but the area is confined to the strip selected—probably 4 or 3 mile wide— 


the salient d, if possible, with ‘greater ca care. 


location will note the direction of flow of 
positions of thick or light wooded sections; the height and formation | of the 
Various slopes; the position of ridges that may be followed; and the 1e location 

a and. elevation of the various passes through which it might be possible to carry 

Pe the line; and from them he Ww ill adopt the most suitable alignment. ed em 

Scenic routes generally are are proposed for country ‘composed of “numerous: 
valleys enclosed by ridges of varying | heights, all branching in like ‘direction 


with the main watercourse of the territory. With a careful s study of these 
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“AMERICAN SOCIETY. OF CIViL ENGINEERS 


FLOW (OF WATER IN TIDAL CANALS 


| 
‘Discussion 


‘his paper is an important 


contribution a subject that is beset with many complexities. 


Throughout 
the | world, and more especially in the United States, the subject of tides has 


“been developed very largely by the mathematician whose interest , primarily, 


was ‘s in other | than the engineering phases of the subject. It is ; gratifying, 


the subject successfully 
attacked from the engineering 


ys In introducing Table 3, under the heading, ‘ “Heights”, the author a 


& Tt j is the practice of the United States Coast and Geodetic Survey ea allow 
for lack of symmetry between positive and negative waves in making tidal — 
predictions by introducing a ‘shallow- into the 


_ This may leave an erroneous impression with the reader not familiar with 
Wis 
hey problem of the prediction of tides, and it appears | desirable to amplify the - 


ale | connection w ith th the prediction of tides it is unnecessary to assume the 
either of positive or negative waves in the sense used by the 


‘Te p problem centers in the resolution of 1 the tides, as actually observed a 


any given place, into a number of simple cosine ¢ curves ¢ each having a definite 


period, amplitudes, and phase. As | soon as these become known, the tide for 


any future e time can be predicted. by combining these simple cosine curves 


for the time in questions _ Technically, each of these simple curves is ‘spoken 


of as a component of the tide. 


x 
The periods of the primary components of the 1¢ tide a: are der ived from astro- 


nomic considerations, and, on the open coast, the tide as actually observed can 


be closely represented by th the combination | of a number of such ‘components, 


However, in traversing ‘the shallow waters of tidal rivers, or other like bodies 


of water, the > open ocean t tide becomes distorted or modified. 

¥ _ Nor —The paper by Earl I. ‘Brown, M. Am. Soc. C. E., was ones in 
1930, a This discussion is printed in Proceedings in order that eee 
expressed may be brought before all members for further discussion. 

* Asst. Director, U. S. Coast and Geodetic Survey, Washington, D.C. 
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ON FLOW OF WATER IN TIDAL CANALS 


ny The pee SPs that the tide iS in its progress up a tidal river is 
illustrated in Fig. 21 which represents the rise and fall of the tide at Fort 

‘Hamilton, New York, » and Albany, N.Y,, for the 2- day period, May 20 and 21, 
1914. lower curve tide eurve for Fort Hamilton, which n may be 


TIDE AT ALBANY, N. 


Fic. 21, —Tos CURVES ALBANY, N. . AND Fort New 


_ coast in n that the score of rise and fall are approximately equal. “Th is 


evidenced by the symmetry of the curve. At ‘Albany, however, the tide has 
modified considerably. overcoming the friction against its progress: 
up stream, the duration of rise has become shortened, giving a corresponding 
to the duration « of fall. In Fig. 21 is by the steep: 


i Be: In resolving 3 river tides into their constituent simple © tides Se ae pur 


- poses of prediction, the so so-called shallow-water components come to light, quite 

> apart from the causes which bring them about. In this connection, therefore, 

it is better not to speak of ‘ ‘introducing” ’ shallow-water components, because 

a ‘these exist 3 in river tides and must be lhc tea" account in the prediction of 
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Disenssion 


\YLOR, M. AM. Soc. 


U. Tay LOR, 1 Am. Soo. E. E. (by letter).14 -In describing the thing 


‘ilies of the Colorado River r in n Texas the author mentions some observa 
tions reported by » the) writer in 1928. 2 Since that time an aerial photographic 


map has | been made of the dam and the lake at Austin. in. It covers a stretch of 


the river 4.000 ft. long, including Bee Creek which is a tributary from the 
west. ‘Fig. ‘Lis is a sketch drawn | with the assistance of that map. _ The original = | 
water surface of 1913 includes : all the area bounded by the solid lines. The © 
present channel is confined between the dotted lines when the water is level 7 a 
with the crest of the new dam at Elevation 51.4. The part between the solid = 
lines and the’ dotted lines shows the of silt. It indicates that 
the s silt is gradually narrowing the channel and has reduced it from Wah 
of 1 300 ft. in 1913 to © 620 ft. in 1929, with the Bee Creek cross- ss-section 3 mile 
w stream. . Thea area on the right has been reclaimed entirely , and consists. of J 
about 146 acres of silt, 
There are several striking points: illustrated by this survey. Point A 
(Fig. 1) is in the original river bed where the + water in 1913 was 51.4 ft. deep. a 


This depth has all been taken and the space is now a sand beach covered with 


a depth of 53. 4 tft. of silt. 

=F 7 1913, a boat- house was wei at the sharp point, K, near the word Bn 
Boo”, and a camping party | dived off the boat into 30 ft. of water. In 1930 a 
it has become “high and dry,” ' and Bee Creek from head to ‘mouth i is a sol 

plug of silt varying in n depth from 53.4 ft. to zero. On the west shore, a strip te: 
of land has. been reclaimed or te taken from the lake by the ‘encroachment 


bs silt that extends 5. 2 : miles up » the lake, vs varying in 1 width from 100 to 300 ft. Bs 


_ Norm.—The paper by the late R. G. Hemphill, Assoc. M. Am. Soc. C. E., was presented 

the meeting of the Irrigation Dallas, Tex., April 25, published in 

Dean of Eng., Univ. of Texas, Tex. pve 

_ “Received by the Secretary, May 10, 1930. 


r “The Silting of the Lake at Austin,” Univ. of Texas, Bulletin No. 2499. 
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made opposite the ‘mouth of Bee Creek in 929 revealed 

-section of 2400 sq. ft. as compared with 37 300 sq. 


thought ‘that the 1929 maximum | depth opposite Creek wil searecly 
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this subject ore fully i in connec- 


“Silting of the Lake at Austin, Texas,” by M. Am. B.; 
Soc. C. Vol. 98 (1929), p. 1681. 
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